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 Introduction  
 
The following biological survey was conducted in support of the I-69 Tier 2, Section 5 
Environmental Impact Statement (EIS) and applicable portions of the 1993 Memorandum of 
Understanding (MOU) as entered into by the Indiana Department of Transportation 
(INDOT), the Indiana Department of Natural Resources (IDNR), the Indiana Department of 
Environmental Management (IDEM), and the U.S. Fish and Wildlife Service (USFWS) to 
delineate guidelines for construction of transportation projects in karst regions of the state.   
 
The study was prepared by Lewis and Associates, LLC (Dr. Julian J. Lewis), of Borden, 
Indiana under contract with Ozark Underground Laboratory (OUL) of Protem, Missouri, 
under the prime contractor Michael Baker, Jr. Inc. (Baker), of Crown Point, Indiana.  

 
Section 5 EIS studies were centered in an approximately 2,000-foot wide corridor along 
State Route 37 (SR 37) from just south of Bloomington in Monroe County, Indiana to just 
south of Martinsville in Morgan County, Indiana (see Figure 1).  As part of these studies, 
biological surveys were conducted of accessible caves that were linked to the corridor either 
hydrologically or by logical inference.  The Section 5 accessible caves included:    
 

•  – cave passages have been mapped that extend under SR 37 (Roy and 
Wells 1959), and four dye traces from the Section 5 corridor were detected at its 
spring.  A state-listed crayfish was observed in  during the reconnaissance 
survey.     

 
•  - is a tributary to  and receives runoff from the Section 5 

corridor. 
 

•  - has been linked by logical inference to the Section 5 corridor due to its 
location immediately adjacent to the corridor and because the direction of observed 
flow indicates that its recharge area is located within the corridor.  is a 
submerged cave accessible via a karst window. 

 
The preliminary extent of minimum and maximum recharge areas for the  system 
are shown on Figure 2.  The  system and  cave entrance locations are 
classified as Confidential and are not shown on mapping for this report.  
 



Legend 

Figure 1 
Section 5 Location Map 

1-69 Evansville to Indianapolis 
Tier 2 Studies 

Section 5 

Indiana Department of Transportation 

0 1 Miles 

August 2005 
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Methodology 
 
General Sampling Methodology 
  
Sample method type, timing, and location selection were based upon the conditions 
encountered in the caves, methods developed during sampling of numerous similar caves, 
and the professional judgment of the cave biologist, Dr. Lewis. All of the samples 
collected as part of this study were maintained in the custody of the sampler (Dr. Lewis) 
during collection, transport, preparation and examination. 
 
The investigation included:  

• Manual collection,  
• Pitfall traps,   
• Leaf litter collection and Berlese extraction,   
• Shrimp-baited jars,  
• Karaman-Chappuis extraction of interstitial aquatic fauna, and  
• Taxa identification.   

 
Manual Collection  
 
Manual collection was conducted by Dr. Lewis throughout the sampled portions of all 
three caves including: 

• Observation of cave passage surfaces;  
• Overturning of rocks and gravels within the passages;  
• Temporary capture, identification, measurement, taxa and sex determination, 

documentation, and release of selected cave fauna (e.g., crayfish); and 
• Hand sampling of surfaces with a water color brush and transfer of specimens to a 

four-dram vial with 70% isopropyl alcohol for later identification. 
 
Shrimp-baited jars and Karaman-Chappuis extraction samples were placed in a cooler 
and transported to the laboratory where samples were placed in petri dishes and examined 
for living fauna under a dissecting microscope.   
 
Pitfall Traps 
 
Five pitfall traps were placed throughout the accessible portion of  Cave and 
two rounds of pitfall trapping were conducted in  Cave passages during the sampling 
events. The first was comprised of 12 pitfalls, 6 in each of the two passages.  The second 
round of pitfalls consisted of a line of 10 traps placed in the southern stream passage.   
The pitfall traps were distributed to provide representative coverage of the passages and 
were placed at locations conducive to the capture of obligate subterranean species.   
 
Upon selection of a sampling location, a small excavation was made with a garden trowel 
in the mudbank.  A four-ounce glass specimen jar was placed in the excavation and the 
annular space was filled to grade.  The jar contained 70% isopropyl alcohol, for use as a 
preservative, and was prepared prior to entry into the cave.  The edge of the jar was 
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baited with limburger cheese spread and the jar was usually loosely covered with a local 
flat stone.   
 
Pitfall traps were left in place for five to ten days before collection.  Collection consisted 
of: 

• Observation of the cave surfaces around the jar by Dr. Lewis,  
• Hand sampling of surfaces with a small brush and transfer to a four-dram vial 

with 70% isopropyl alcohol for later identification,  
• Documentation of the jar condition and observations,  
• Placement of sample identification in the jar and sealing of the jar lid,  
• Transfer of the jar to a bag for retrieval from the cave, and 
• Transport of the samples to the laboratory under custody of the sampler (Dr. 

Lewis). 
 
Collection of Leaf Litter 
 
Leaf litter taken from the three caves were placed in a Berlese funnel (with overhead 
light/heat) for extraction of the invertebrates into a vial of 70% isopropyl alcohol as 
follows:  

• Transfer of the leaf litter to a bag for retrieval from the cave,  
• Upon return to the surface, placement of the samples into a cooler on ice, and 
• Transport of the samples to the laboratory under custody of the sampler (Dr. 

Lewis). 
 
Shrimp-Baited Jars  
 
Either a jar or larger bait bucket were baited with two uncooked shrimp and lowered to 
the bottom of the  Cave karst window.  The baited jar/buckets were retrieved 8 to 12 
hours following placement as follows: 
 

• Placement of sample identification in the jar and sealing of the jar lid,  
• Transfer of the jar to a bag for retrieval from the cave,  
• Upon return to the surface, placement of the samples into a cooler on ice, and 
• Transport of the samples to the laboratory under custody of the sampler (Dr. 

Lewis). 
 
Extraction of Interstitial Aquatic Fauna 
 
An appropriate location for the extraction of interstitial aquatic fauna from the 
underground stream channel in both the north and south  Cave passages were 
selected by Dr. Lewis.  The extraction of interstitial aquatic fauna was conducted via the 
Karaman-Chappuis method as follows: 
 

• Excavation of stream sediments with a garden trowel and transfer to a pre-rinsed 
bucket,  

• Washing of Detritus in the bucket with water from the stream, 
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• Pouring of water from the bucket through a plankton net, 
• Transfer of residual material in the net to a four-ounce glass specimen jar,  
• Placement of identification on the sample jar and sealing of the jar lid,  
• Transfer of the jar to a bag for retrieval from the cave,  
• Upon return to the surface, placement of the samples into a cooler on ice, and 
• Transport of the samples to the laboratory under custody of the sampler (Dr. 

Lewis). 
 
Taxa Identification 
 
The contents of the sample jars and vials were placed in a cooler and transported to the 
laboratory where samples were placed in petri dishes and examined for living fauna 
under a dissecting microscope by Dr. Lewis.  Specimens of each taxon were placed in 3 
or 4 dram vials of 40% isopropyl alcohol and labeled per cave of origin, state, county, 
distance to nearest town, date and collector, as described above.   
 
Some taxa required the use of outside taxonomists for specific identification.  These 
taxonomists were part of the Lewis project team (see Appendix H for affiliations).  The 
identification of specimens was performed by appropriate taxonomists with expertise 
with the taxa to be identified: 

• Dr. Thomas C. Barr, Jr. (carabid beetles), professor emeritus, University of 
Kentucky; 

• Dr. J. P. Battigelli (collembolans), consultant, Earthworks Research Group;  
• Dr. Lynn Ferguson (diplurans), professor, Longwood University; 
• Dr. Robert Hershler (aquatic snails), curator, Department of Invertebrate Zoology, 

Smithsonian Institution; 
• Dr. John R. Holsinger (amphipods),professor, Department of Biological Sciences, 

Old Dominion University; 
• Dr. Pierre Paquin (spiders), post-doctoral fellow, Department of Biological 

Sciences, San Diego State University; and  
• Dr. Janet Reid (copepods), research associate, Virginia Museum of Natural 

History.   
 
Samples were prepared as appropriate for taxa specific identification and shipped in 
accordance with the requirements of the recipient facility and state, federal, and 
international regulations.   
 
Cave Specific Sampling Methodology and Narrative 
 

 
 

 consisted of a small karst window covered by a limestone well house where 
about 13 steps lead down to a water-filled hole (approximately one meter in diameter).  
The actual cave is a conduit completely filled with water.  On May 23, 2005 specimens of 
the Packard’s groundwater amphipod (Crangonyx packardi) and Northern cave isopod 
(Caecidotea stygia) were found on rocks on a ledge at the water’s edge.  Two pitfalls 
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baited with limburger cheese were placed in mudbanks next to the water.  A jar baited 
with two uncooked shrimp was lowered to the bottom of the water.  Water clarity at that 
time was about one meter. The pitfalls and baited jar were retrieved on May 26, 2005.  
One cyclopoid copepod was taken from the jar.  The pitfalls produced several cave dung 
flies (Spelobia tenebrarum) and one springtail (Entomobryid Collembolan).  Around the 
periphery of the top of the karst window were two crayfish (Cambarus tenebrosus) 
(approximately 45 and 80mm) and two cave crayfish (Orconectes inermis testii) 
(approximately 35 and 40mm). 

 
The cave was revisited on June 3, 2005.  A jar baited with shrimp was placed within a 
larger bait bucket, weighted and lowered to the bottom of the karst window.  It was 
retrieved about eight hours later.  One cave crayfish (approximately 35 mm) was noted 
on the wall of the passage.  Water clarity was less than one meter.  Several Indiana cave 
amphipods (Crangonyx indianensis) were found in the shrimp-baited jar. 
 

 
 
The water from the  karst window emerges at approximately 1-2 gpm from a 
pipe about 210 feet downslope from the entrance to the karst window.  Soil from the 
hillside has slumped over the pipe and the spring habitat is primarily mud with a little 
limestone gravel.   On May 23 and 24, 2005 no fauna was appreciated in the spring.   
 

 
 
This cave was reported in the Indiana Cave Survey as having 300 feet of walking-height 
passage.  On May 23, 2005 the cave was entered and about 30 feet of passage was found.  
The cave ended in mud fill with a bank of detritus.  A small stream comprised of gray 
water with a distinct sewage odor was flowing into the cave.  The stream sank about 15 
feet inside the entrance.  No fauna was found in the stream.   

 
The most common animals noted in the cave were psychodid flies, which are frequently 
associated with contaminated water.  Six cave salamanders (Eurycea lucifuga) were 
noted. Six pitfalls baited with limburger cheese were placed in the cave.  It seemed 
apparent that this cave would flood with any rain, so the pitfalls were retrieved on May 
26, 2005.   The pitfalls were mostly populated with cave dung flies and cave hump-
backed flies (Megaselia cavernicola), although a few entomobryid springtails, one 
terrestrial isopod (Rathke’s pillbug [Trachelipus rathkei]) - a wolf spider (Meta ovalis), a 
staphylinid beetle (probably Aleochara) and a braconid wasp (undetermined species) 
were also taken.   

 
Berlese extraction of the leaf litter demonstrated entomobryid springtails, psychodid flies, 
one pseudoscorpion (Kleptochthonius), the staphylinid beetle (Lesteva pallipes), a spider 
(Scotinella fratrella) and a fragile dipluran (Campodea fragilis).   

 
The overall picture of the fauna occurring at this site is primarily that of a disturbed area 
with a contaminated stream.  The only troglobite noted was the ubiquitous cave dung fly. 
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The stream flowing into the cave was inspected on July 22, 2005 after a rainfall of 0.34 
inches recorded the previous evening in Bloomington.  The water at that time had a 
discernible sewage odor, but was clearer in appearance.   

 
Reported in the literature from this cave were the northern cave isopod (Caecidotea 
stygia) (Fleming 1973); Indiana cave amphipods, Packard’s groundwater amphipods, and 
crayfish (Eberly 1955, Hobbs & Barr 1972, Hobbs et al., 1977); and Barr’s cave crayfish 
ostracod (Sagittocythere barri), and the Mayfield Cave ground beetle 
(Pseudanophthalmus shilohensis mayfieldensis) (Barr 1960).   
 

  
 

 was first sampled for this project on May 23, 2005.  At that time 10 pitfall 
traps baited with limburger cheese were placed: five in the south passage and five in the 
north.  About 100 feet inside the entrance a ladder was required to scale a waterfall about 
eight feet in height.  Beyond the waterfall the cave branched into two passages, each 
containing a shallow stream.  Heading upstream the passage to the right (south passage) 
appeared to be the more heavily traveled, with graffiti on the walls and refuse in and 
along the stream.  Northern cave isopods, Indiana cave amphipods and Packard’s 
groundwater amphipods were found in the stream.  No stygobitic crayfish were noted 
between the origin of the passage and the signature room, a high ceiling room with walls 
covered with spray paint and much refuse scattered about.  About 600 feet of the south 
passage was examined for fauna.  One Mayfield cave ground beetle was found in gravels 
adjacent to the stream.  Other troglobites noted were the cave dung fly, Bollman’s cave 
milliped (Conotyla bollmani) and the subterranean sheet-web spider (Phanetta 
subterranean). 

 
In the north passage all crayfish from the passage origin to the point where the passage 
lowered to a height of about three feet (approximately 900 feet into the cave) were 
captured, identified, sexed, measured and released.  Eight crayfish were found:  
Cambarus tenebrosus 42mm ♀, 63mm ♂, and Orconectes inermis testii 47mm ♂, 45mm 
♂, 39mm ♀, 52mm ♂, 42mm ♀, 47mm ♂.  Northern cave Isopods also were common 
under stones in this stream.  Also present were the Indiana cave and Packard’s 
groundwater amphipods.     

 
The cave was visited again on June 3, 2005.  At that time the pitfalls were retrieved.  All 
five from the south passage were intact and four were intact from the north passage (the 
fifth trap was found in the stream, presumably dislodged by a raccoon).  Although pitfalls 
are not quantitative sampling devices, an inference of the relative abundance can be 
made.  In the five pitfalls from the south passage the predominant species present was the 
cave dung fly, followed by the cave hump-backed fly.  In addition, one greenhouse 
millipede (Oxidus gracilis) and two Bollman’s cave millipeds (Conotyla bollmani) were 
taken.  A few entomobryid springtails were also collected.  In general, the fauna sampled 
was sparse, consistent with the pitfall placement in the dark zone of a typical nutrient 
poor cave environment. 



 10

 
The fauna taken in the four pitfalls in the north passage also was sparse, consisting of a 
few cave dung flies and springtails. 

 
Many stones were turned in the stream in the south passage to search for crayfish.  None 
were appreciated.  A shallow trough was dug in a gravel bar to conduct Karaman 
Chappuis faunal extraction of interstitial species.  This yielded Packard’s groundwater 
amphipod.  In the adjacent riffle area gravel and sand were dug from the stream substrate, 
placed in a bucket, washed with stream water and the supernatant poured through 
plankton net.  This produced two hydrobiid snails (hidden spring snail [Fontigens 
cryptica]), northern cave isopods, a slender spring flatworm (Phagocata gracilis), and 
Packard’s groundwater and Indiana cave amphipods. 

 
In the north passage a riffle area was also sampled for interstitial fauna using the same 
technique.  This produced northern cave isopods, and Packard’s groundwater and Indiana 
cave amphipods.   

 
A census of surficial crayfish present in the north passage was conducted and the 
following were noted: Cambarus tenebrosus 89mm ♂, Orconectes inermis testii 46mm 
♂, 45mm ♂, 50mm ♀, 45mm ♂. 

 
The cave was visited again on July 22, 2005 primarily for the purpose of placing pitfall 
traps to further evaluate the terrestrial fauna.  Ten pitfalls were placed in riparian 
mudbanks the south passage of the cave.  The pitfalls were all put in the dark zone of the 
cave, the first upstream of the junction of the two stream passages and the last where the 
passage lowers to about one foot above the cave stream. 

 
At that time, examination of about 20 stones in the same riffle that had previously 
produced the hidden spring snails revealed the presence of one adult snail on the 
underside of a rock.  Further upstream, approximately 50 more rocks were turned and one 
juvenile hidden spring snail about 1mm in length was noted on the underside of a stone.  
Only one crayfish was found, a Cambarus tenebrosus – no Orconectes were found in the 
south passage stream. 

 
 was visited on July 29, 2005 for the purpose of pulling the pitfalls, all of 

which were recovered intact.  The traps were more populated than the previous May 23 
and June 3, 2005 series of pitfalls.  The predominant animal in these pitfalls was the cave 
dung fly, of which a total of 227 individuals were taken.  Other flies in the pitfalls were 
six cave hump-backed flies, four mycetophils and four psychodids.   

 
The next most common animals in the pitfalls were collembolans.  Six specimens of a 
lightly pigmented entomobryid springtail were present in the first trap, which was placed 
in a short side passage upstream of the main waterfall.  Two Sinella were taken in trap 
eight and one Arrhopalites in trap 10.  The only other fauna appreciated were three 
ground beetles (Platynus), one each in the first three traps, and a total of four Bollman’s 
cave millipedes. 
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Sampling Results 
 
None of the species found in caves in I-69 Section 5 were listed on the Federal List of 
Threatened/Endangered Species.   
 
The results of the survey identifications are defined, detailed and summarized in the 
following four tables: 
 

• Table 1 defines the ecological classification system or cave species,  
• Table 2 defines the state or federal global rank of rarity,   
• Table 3 details the species identified during the survey by its:  taxonomy, 

scientific name, original author of the species, ecological classification, 
descriptive common name, cave name in which it was found, the state/global 
rank, and a narrative about the species.  

• Table 4 summarizes the obligate subterranean species in the caves by common 
and scientific names, global rarity rank, listing and ecological status, and cave 
name.  
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Table 1 Ecological Classification System or Cave Species 
Classification   Abbreviation    Definition 
Troglobite  TB terrestrial, morphologically adapted and restricted to caves,  
    must feed and reproduce in the cave environment 
Troglophile  TP terrestrial, +/- morphologically adapted to caves, not  
    restricted to caves, but can feed and reproduce in the cave  
    environment 
Trogloxene  TX terrestrial, not usually morphologically adapted to caves,  
    usually leaves the cave to either feed or reproduce 
Stygobite  SB aquatic, morphologically adapted and restricted to caves,  
    must feed and reproduce in the cave environment 
Stygophile  SP aquatic, +/- morphologically adapted to caves, not   
    restricted to caves, but can feed and reproduce in the cave  
    environment 
Stygoxene  SX aquatic, not usually morphologically adapted to caves,  
    usually leaves the cave to either feed or reproduce 
Accidental  AC fall or wash into the caves with no demonstrable affiliation, 
    with the habitat  
Parasite/commensal PS lives on or parasitizes a host animal 
 
Table 2 – Definition of State and Global Ranks of Rarity 
State/Global Rank  Number of sites in state/globally Characterization 
          G1               1-5   critically imperiled 
          G2                          6-20   imperiled 
          G3              21-100   vulnerable 
          G4                100+   apparently secure 
          G5                secure 
          SE        exotic species 

 
References to state listed species come from the Indiana Department of Natural 
Resources (IDNR), Division of Nature Preserves, Natural Heritage Program of 
endangered, threatened, rare and extirpated vertebrates and invertebrates of Indiana dated 
January 18, 2002 available at:  http://www.in.gov/dnr/naturepr/pdf/vertinve.pdf.   
 
The IDNR Division of Fish & Wildlife maintains a list of species of concern, threatened 
or endangered available at:  http://www.in.gov/dnr/fishwild/endangered/rare.pdf.  
Vertebrates, mollusks and crustaceans that are listed as endangered in Indiana are 
protected from taking pursuant to the Nongame and Endangered Species Act of 1973 (IC 
14-22-34) and Fish and Wildlife Administrative Rules (312 IAC).   
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Hidden spring snail · Sl/Gl 

, Two of these snails were initially taken from the interstices of gravel in a stream riffle in  Cave by Karaman Chappuis extraction. On a subsequent 
:trip one snail was found on the underside of a stone in the same riffle and a juvenile was tbund under a stone in a different riffle. The snails are 
:completely unpigmented and the shell is white/translucent. This is the only known species of the genus in Indiana. Fontigens ctyptica was first found in a 
:small spring in Clark County, Indiana (Hubricht 1963). This locality and the vicinity has been searched by Dr. Robert Hershler (Smithsonian Institution) 
,and me repeatedly without finding the snail. An equivocal site was represented by a dead shell brought up from a depth of ohe'mefer by a Bou-Rouch _· 
sampling pumpwell placed in a gravel bar on the Blue River (Lewis 1999). A sight record a)so exists for aFontigens from another Harrison Cave Spring 
in Harrison County (Lewis 1999). Fontigens ctyptica is listed as a State Endangered Species. The only known extant population of this species is in  

:cave. 

Alternate terrestrial ,   
   

:This species is reported to have a wide habitat tolerance ranging from woodlands,irocky areas, weedy road and railroad sides and urban areas in vacant 
S3/G4 

i lots and gardens (Hubricht, 1985). This species is a common threshhold trogloxene in Indiana caves (Lewis, Burns and Rafail 2003). 

copepod  S4/G4 The copepods were attracted to shrimp-baited jars lowered into the karst w,-lndow. 
I . 

___ ;_____ -------··-· -·---- ··-·----·--d···. --··---------. 
Copepod  · __ §~IQ4 :The specimens were sam}Jle_cl from the int(:'rs_tices_of_gravel _in~trearn!~--- -· ... -- -=~ =Co pep~~~- . i  _s_4jg_4_: This js~_'Vjdespread !;peciest]1at o<:_c_urs in_.lll.allYhabitats{R(:'icl,i!l_litt.~005). ____ uu-

Bat=~o~~~~~~ayfish ~~  c _S3/G4 Hart ~_J1obbs~961) reported this species from  Cave. It is co~me~a~on cave crayfish 

N I 
. d!  ' 

· ort 1ern cave tsopo    

! This isopod is common in  Cave and occurs under stones around \he mouth of the karst window in  Cave. Fleming (1972) reported the species 
ifrom  Cave, but en'Oneously repmted the cave to be in Washington County. Caecidotea jordani is a subtenanean species also known from Monroe 

S4/G5 ,County, but it is known only from two sites, both of which consist of groundwater in the interstices of unconsolidated deposits. It has never been found in 
leaves (Lewis 1998). It is one of the most wide ranging subterranean members of the genus, recorded from southwestern Ohio, most of Kentucky, southern 
!Illinois and a small area of eastern Missouri (Lewis & Bowman, 1981). 

Bluegrass spring 
isopod 

 i,· S
4104 

'This species occuned in the entrance area of  Cave. Hubricht and Mackin (1949) reported this species !rom about 45 localities in southern Indiana, 
:Kentucky, southwestern Ohio and northern Tennessee. The isopod is a threshold trogloxene, primarily occmTing in springs. 

----~~ -·- ---------- "-------·-·· -·---·------ "-·-·---·· ----

Common pillbug 
,This terrestrial isopod typically occurs under boards and stones around houses or other structures. In  Cave they were common under the stone roof 
:of the well house. 

 SE 
- - - ------~ ·---- ------- --------·--

SE .Native to Europe, this species has become widespread in North America where it is a characteristic component of deciduous forests (Harding & Sutton,  
PORCELLIONJDAE 

! ------------

TRICHONISCIDAE 

CRANGONYCTIDAE 

CAMBARIDAE 

TX 

Haplophthalmus danicus :Budde-Lund, TP 

Crangouyx haiTi 

Crangonyx indianeusis 

Crangonyx packardi 

··-I
I 

Orconectes inermis testii 

Cambarus tenebrosus 

Koch 

Zhang& 
Holsinger 

TX 

SB 

-- ~ ·- --1-----·--- ------i-- ·-

Zhang & 
Holsinger 

SB/SP 

! .. ---+ 

SB 

SB 

SP 

Rathke's pillbug 

Danish pillbug 

Riparian pillbug 

Barr's cave 
amphipod 

Indiana cave 
amphipod 

Packard's 

_e_··~-----·, 1985 
Cj't;j; terrestrial iS~pod was cm~on in-debri~ .hi a room containing-ti'ash and vand:ili~m in  Cave. This species is native to Europe, but is widespread 

SE  
. __ 

1 in several c()!l(Lnents n_o\v_(lfarding~_§ullonj_285). It _<:omm_only occurs in cave_s._____ -----·---· .... _____ _ 
i  

r--
SE 

This species is native to Europe, but has been widely established in the eastern U.S. As the name implies, it typically occurs along streams with much lea 
; litter or detritus (Schultz 1965). ___ __ . _____ -··-·--·· -· 

[ Thi: spe~e~ wa~:en f~~~: ;he underside:-~f stones at ~~::uth of the kars~ ~indow. ~rangonyx barri occurs from c::tral Kentucky north into southern 
, Indiana, where its range was previously thought to tenninate in the counties of the Blue River area.- The occurrence in Monroe County is a range 

S3/G3 
:,·extension of some zoogeographic interest. Crangonyx barri is recorded as Crangonyx sp. I (undescribed cave amphipod) and classified as a rare species 

 
ion the state list of endangered, threatened, rare and extirpated vertebrates and invertebrates of Indiana. Since the state Jist was last updated the description 

----·--·--~-------

S3/G3 

! of the species was published by Zhang and Holsinger (2003) and continued sampling has indicated that it is somewhat more abundant than the state list 
:classification as S2/G2. 

This species was taken from gravels in -Cave.Tn  Cave it was found roamingthesurfacesOfstones.as well as coming to Sirrimp-baited jars 
i placed on the bottom of the karst window. This amphipod is endemic to the karst of Indiana, where it is reported only from caves and spring orifices. 
!With one exception (in the southeastern Indiana karst), all of the known localities are in the southcentral karst area. Zhang & Holsinger (2003) reported i 

,: 

1 

 i 
··!--- ---t;' fr""o~m  Cave. 

I Thiii amphipod was taken fromthe interstices of gravel as well 'adrom undet:sloneSTnbotb-ofthe main passages in  Cave. This species, first 
.described from a well in Orleans, Orange Co., Indiana, is now known to occur from Indiana west to Kansas (Zhang & Holsinger 2003). Crangonyx 
:packardi is typically found deeper in the interstices of stream gravels whileCrangonyx indianensis occurs on the surface of the substrate. ~rangonyx 

groundwater '  S3/G4 · packardi also occurs in drip pools and ephemeral cave streams. Lewis (1998) found it a meter deep in gravel interstices of the Blue River. Zhang & 
amphipod I I Holsinger (2003) reported it from  Cave. Crangonyx packardi is listed as a State Rare Species and is categorized as S2/G3. Lewis (2002a) classified 

I 
__ _ _ _ _ _:_ ____ 1 this ~P~fit<S as S3/G3 for the USDA Fores! ~ervice Region 9 conservation ass,:s~ment of the species._____ ___ ___ _ _____ _ 

, 1Thts crayfish has long been known from  Cave (Eberly 1955, Hobbs & BatT 1972, Hobbs et al. 1977). This crayfish subspecies was reported from 21 
i  i S

2
/G

3 
;caves by Hobbs et al. 1977. It occurs deep in the dark zone of the left stream passage in  Cave. In  Cave it comes to the periphery of shrimp hai 

I  i land is seen at the top of the karst window on rocks and the walls of the passage. Orconectes inennis testii is listed as a State Threatened Species and is 

__ _j_ ______ j___ categorjzf.cl. as S2/Q1___ _ __ ·····-----·· ·------ ·-·--· ..... - __ .. ·-· ..... ---- -----· ... _ _ ... -----· ··--·---.--.. _ 
! !This species is common in Indiana caves. In  Cave it has been found from the entrance passage far into the dark zone in the left stream passage. It has 
i  : S

4
/G4 I been observed in  Cave at the top of the karst window on rocks and the walls of the passage. 

Cave crayfish 

Crayfish 



Table 3 - Species Identified
·'.'I 

ORDER 

CHORDEUMATIDA 

JULIO A 

POLYDESMIDA 

PSEUDOSCORPIONIDA 

ARANEAE 

COLLEMBOLA 

]·--

DIP LURA 

ORTHOPTERA 

COLEOPTERA 

FAMILY Species 

CONOTYLIDAE Co1wty/a bol/mani 

JULIDAE Ophyiulus pilosus 

Source 

McNeill 

Newport 

Ecological 
Classification 

TB/TP 

TP 

. PARADOXOSOMATIDAE Oxidus gracilis Koch TX 

CHTHONIIDAE 

AMAUROBJJDAE 

LINYPHIIDAE 

LIOCRANIDAE 

LYCOSIDAE 

TETRAGNATHIDAE 

PISAURIDAE 

ENTOMOBRYIDAE 

HYPOGASTRURIDAE 

ISOTOMIDAE 

SMINTHURIDAE 

CAMPODEIDAE 

GRYLLACRIDIDAE 

CARABIDAE 

ST APHYLINIDAE 

Kleptochthouius sp. 

Cor!l§______ _ , sp. -o.r.~----
Centromerus conmpa/pis 

Phanetta subterranea 

Bathyphantes 

Scotine/la_fi-atrel/a 

Meta ova/is 

Dolomedes scrip/us 

Pseudosinella col/ina 

Pseudosinel/a 

Sine/fa a/ata 

Ceratophysella 

lsotoma viridis 

_____ drrhopafi!~-

Campodea .fYagi lis 

____Qltnbridge 

Emerton 

sp. 

Gertsch 

sp. 

Gertsch 

Hentz 

Wray 

Christiansen 

sp. 

Bourlet 

Meinert 

TX 

TX 

TB 

AC 

TX 

TP 

TX 

TP 

TP 

TP/TX 

TX 

TP 

TX 
---------

1 
--~---·-

Ceuthophi/us brevipes 

Pseudanophthalnu1s 
shilohensis mayfield ens is 

! 

_______________ ]__-

Bembidion ___ j sp. 

Platynus sp. 

Lesteva pallipes 

L _______________ -----·-
Quedius erythrogaster 

Aleochara sp. 

TX 

TX 

TX 

TX 

Common Name 

Bollman's cave 
milliped 

Milliped 

Cave 

 

·  

 

 

State/ 
Global 
Rank 

S3/G3 

SE 

Narrative 

1 
Described as Trichopetalum bollmani by McNeill (1887) from Mayfield s Cave, Monroe Co., Indiana. Bollman (1889) redescribed it as Scotherpes 

:wyandotte from "near Wyandotte Cave". Lewis (1998) reported sampling almost 200 caves in the Blue River basin containing Wyandotte Cave and never 
'found Conotyla Shear (1971) reported the "near Wyandotte Cave" record as a surface localities along with one other site to the north, but failed to speci 
:where or the habitat. I have examined the single depauperate type specimen ofScothemes wyandotte now in the collection of the Smithsonian Institution 
1 and put litlle stock in the validity of the record, since it fails to specily/ww near the specimen was taken from Wyandotte Cave- it could have come from 
i20 miles away. Regardless of its ecological classification, it certainly occupies the niche oftroglobitic milliped in the caves where it occurs. Hoffman and 
:Lewis (1997) and Lewis (2003) summarized the range of this Indiana endemic, which occurs in caves in southcentral Indiana in the East Fork of White 
·River drainage (Orange, Lawrence, Monroe, Martin, Owen counties). Conotyla bolhnani is listed as a State Rare Species and is categorized as S2/G3. Le 

-:ThiS-SPecieS is an-e~OtTc;-probably n3tive to ]taTY,-that·is -;Tde-spread in the northeastern U.S. o10ffman 1999). It has bee-n repillled from -ca,;es in -Clark,-

· Harrison, Lawrence and Orange counties (Lewis 1983, 1994, 1996, 1998, 2003) and is particularly common in the caves of the Tincher Special Karst Area 
·in Lawrence County. _ _ ___ _ 

i Greenhouse milliped ·  ' SE 

-·This species-PfobabJy originated-itl-Japirl,-but has spread nearly worldwide in temperate counties allctathigherelevatiOll_s_i_il the tropics. It is found across 

iNorth America and is present in ·astronomical numbers in many parts of the eastern U.S. (Hoflinan 1999). It}s lreqllently present innoxious numbt;J~s in_--

Pseudoscorpion 

 

'  

 

:caves. 

ione specimen of a 4-eyed (i.e., epigean) pseudoscorpion was taken from leaf litter with Berlese extraction. There remain many undescribed species in 
ithis genus; this specimen does not match any of the species reported from Indiana caves (K. packardi, K lewisorum, K griseomanus, Muchmore 2000). 

Spider _____ __,____ . .. _ __ . ____ _________ ___________ --~------ _______ __ _______ _ ______ __ _ ___ _ 
  S

4
/G-

4 
;,Thi~ species was rep-~ited by Lewis (1994, 1995, 1998; Lewis et a12004) !rom ca(es in Hanison, Jennings and Orange counties, where it was usually a 

Sheet-web spider 

Subterranean sheet
web spider 

 'threshold trogloxene. 
------- --· -~his tinYSPldei iSU-bi(iuitouS-lii llldEill8C3ves, wiler-eTt-haS·been fouriCfTll-CI~l-k, Cra\\~fOfd,DecatU-r,- o~~bOiS~-Jeffer·Son, Jenn·ing-s~a~~~-rence~Monroe,--

s4/G5 
Orange, Ripley, Monroe, Orange and Washington counties (Lewis 1983, I 't94, 1995, 1996, 1998; Lewis and Rafai12002; Lewis, Burns and Rafail 2002). 

· , ' 
, Originally described from Wyandotte Cave, Crawford Co., the species w~s i·edescribed by Millidge (1984) and reported from a range between Alamama 

,-- __ _ a11d Penn~jva11i_a,_\vest to ln~11_a.__l'eck &. Lewis _(1_978)_r~()rted this s.~ec!i.f:s fr()lll_jlli11ois and Missouri. ______ _ 

Sheet-web spider !  
- ---- --- L ___ ! _ 

Spider 

___ Wolf~Lder 
American cave orb 

weaver 

Fishing spider 

Hilly springtail 

Indiana cave 
springtail 

Springtail 

Springtail 

, Springtail 
-~-------·---- -

Fragile dip luran 

Cave cricket 

Mayfield Cave 
ground beetle 

-- -- --··-- ---

!  
 

S5/G5 
This species is frequently found in old fields or disturbed areas (Young & Edwards 1990; Haskins & Shaddy 1986), and is indicative of the suburban 

,envir_()_nment in which this_~;ave e!1(r;1_nce occ_ll~_ 1 __ --,---- _ 

:wolf spiders are common around cave entrances where they fret;juently'occur around wet detritus near streams. _________ _ 
---n;~-;Jl~~ies is ~biquitou-s in ca-~es of the e;;;i~r~ u.s. (M~·;;;ik a~d-Kop~iW-;;-,1992): Itha~ bee~ ;:~co;:ded fl·o-;-~ essentially eveiy county in Indiana that 

 S4/G5 
___ has ~ves (Biatch]ey 1_89];_Banta 19Q7;1ewts l<j83, 1994;_ 1995;_1996;_1 ')9_8;_ 2001 ;_Lewts /k. Raf!lli1_oo~; Lewis, Burns .§.cll-._afat120Ql)._ 
 S

4
/G

5 
jThis spider was found on the wall of the  Cave well house. These spiders typically occur around streams where they usually occur on rocks or 

________ j_bCJ_ulders (Car_ico 197~.L _ _ ______ _ 

This species was is known primarily from caves, where in Indiana it has been recorded !rom Martin, Monroe, Orange and Washington counties (Lewis, 
 S2-G3/4 1998, Lewis et al. 2004; Christiansen & Bellinger, 1998c). In  Cave this species was taken in the dark zone of the cave on mud banks in the main 

istream passage. Many of the other collection sites in Indiana were in cave entrance leaf litter in sheltered sinkhole floor or twilight zone habitat. 

 

 

S3/G3 

A singl~ecimen of this springtail was taken from a pitfalltrap placed in Cave. 
,These-springtails ;ere found under StOnes -anddebrisin the dari( zoneofthe cave. This species is endemic to Indiana, where it has been found in caves in 
;Clark, Crawford, Harrison, Jennings, Lawrence, Monroe, Orange and Washington counties (Lewis, 1983; 1994; 1995; 1998; 2002; Lewis eta!. 2004). 
! Sinella alata is classified as a state endangered species. This classification is an administrative artifact from its placement on the list at a time when the 

_______ _gJ_e.(;il's h_ad not_yet been &ll!ld_ i11 t11e numenms lo.<;alities cit.,d abovE:-= steps are bejllg_(a_l<f:ll_lQ~l'-li~t,__ . ··-----

·-  ____ . 
;The taxonomy of this group is too confused at present to allow specific identification. 

 
S5/G5 i This ubiquitous species is occasionally found in leaf litter or detritus in cave entrances, where it was found in  Cave. 

 
. .. :A single specimen was taken in a pitfall trap in th~~k~o-ne o-f the~;~. ---------- ----- -
 -- -- -Tfhis ;;-~ ;:;~;;IOpolit;n species that ;c~~~s acr~~~North A.mericim, E~~ope, s-~~~h-Africa a;;dAustralia: It ~~cur;-occa~i~nally;;;-~~;~s (Fei:guson -;;;~il 

.  . 
S5/G5 

1 ;-

 , S4/G4 
' 

 _____ _ 

: ; 
' ! 

SIIGI 

I 

.~Qo.s.L_ __ 

iThis species replaces~. stygius in the northern part of the Indiana karst and occurs sporadically in other Indiana caves. Hubbell (1936) reported it from 
i seven localities in Indiana, including Mayfields Cave, Monroe Co., as well as 20 states in the eastern U.S and Canada. 

'I This species occurs from northern Lawrence County through Monroe County into Owen County, but the subspecies!'_.~. mayfieldensis has been reported 
from four caves in Monroe County including  Cave (Barr 1960, Lewis & Rafail 2003). In  Cave the beetle was found on moist riparian stream 

!gravel. Pseudanophthalmus shilohensis mayfieldensis is classified as a state endangered species. 

~- ~b--l --1B  
roun eet e 

1 
 

-------

I This is probably Bembidio~ ~~~anum, a ,;,ict~spr~ad and cmni~o;;:beetie in eastern U.S. caves.~~a~~~pecimen -would be necessary for specific 

_ __Ji<!e_n_tifica(i()_n. ______ _ ___ _ _ --·- _____ _ __________________ ----· -- -----!-- ---
i ! 

Ground beetle i  • :This is probably Platynus tenuicollis, a widespread and common beetle in eastern U.S. caves. ------1--  __ _j_ ___ i__ __ __ ________ ____________ _ ________ ---------------·--------------
! ] I 

Rove beetle ! : S4/G4 jThis species frequents caves where it is frequently found in abundance under rocks along streams. 
 

! ------- - ' . . . 
Rove beetle :  , S5/G5 IThts spectes commonly occurs m caves. 

- -;-;;-v~ ~eetle - r-----1------+-I,This b~~t~i~-~~obably the tr:;;:~hile~~eochara Jucifug!l, which occurs in caves and anim~~u~.:::~::~~~~ u.s. (Klimaszewski and Peck 1986). 
I I 



Table 3 - Species Identified
,. 

~ til ;;J til ... -( ORDER FAMILY Species ;,. ... 
= u 
~ 

HELEOMYZIDAE Aecothea specus 
~---- -------------

-( 
PHORIDAE Megase/ia cavemico/a 0 

0 DIPTERA ~ 
0 

---------- ------------

p::; 

= f- SPHAEROCERIDAE Spelobia tenebramm p::; 
-( 

-----------

HYMENOPTERA BRACONIDAE 

§ 
g:< CAUDATA PLETHODONTIDAE Eurycea /ucifitga 
~ 

-( 
-( 

------ -- ---------~- --------------

f- AVES P ASSERIFORMES TYRANIDAE -----,------~·om~phoebf! -( -------- ----------

0 
p::; -< 0 :J :r: CHIROPTERA VESPERTILIONIDAE Pipistrellus subjlavus u -< 

~ 
~ 
-< 
~ 

CARNIVORA PROCYONIDAE Procyon /otor 

Ecological 
Classification 

TX 

Brues TP 
I 

------- -! 

Aldrich TB 

TX 
- j __________ 

Rafinesque TP 

---------· 

Latham TX 

Cuvier TX 

Linnaeus TX 

Common Name Cave 

Heleomyzid fly : 
i 

---)'  
Cave hump-backed , 

:  
fly 

Cave dung fly 

Braconid wasp 

__ _  ___ , 
, ' 
i  
;  

__ _  
'  

 

'  
Cave salamander  

 

Eastern pipistrelle  

Raccoon  

State/ 
Global 
Rank ' 

Narrative 

S
4

/G
4 

'This species occurs on the walls and ceilings of caves. The ecology ofheleomyzid flies in an Indiana cave was discussed in some detail by Busacca 

1(1975), -------- -------- --------- ----------· -----· 

1

This species is ubiquitous in caves of the eastern U.S. and has also been reported from surface collections (Borgmeier 1965). It probably occurs in nearly 
S5/G5 every cave in Indiana that is of any length (Lewis 1994; 1995; 1996; 1998; 2001; Lewis & Rafail 2002; Lewis, Burns & Rafail2003) and comes to baited 

,P_itfall~nabu_11clance. _ ____________ ______ -----~- _ 

·This fly is ubiquitous in Indiana caves and comes readily to pitfall traps (Blatchley 1897; Banta 1901; Lewis 1994; 1995; 1996; 1998; 2001; Lewis & 
S5/G5 :Ratai12002; Lewis, Burns & Rafail2003). It is particularly common on raccoon dung and has been found in essentially every cave in Indiana where 

.baited pitfalls have been placed. The species occurs in caves across the eastern U.S. and is a mildly troglomorphic troglobite (Marshall & Peck 1985). 

S4/GS 

S5/G5 

These wasps are parasites of flies larvae and are frequently found in caves. The taxonomy of this family is so confused that it precludes identification. 

1 Most of the records for the Cave salamander are from springs, spring-fed brooks or caves, but have also been found under stones on dry, open hillsides, 
under trash in an open field, and in suburban yards (Minton 2001 ). Compared to the Longtail salamander, the range of the Cave salamander is relatively 
restricted. In Indiana it occurs only in the southern half of the state and a more compressed range essentially_equal to the karst area_s of the Appalachians, 
Interior Low Plateaus and Ozarks. 

:The Eastern pipistrelle is a common, permanent inhabitant of southern Indiana. Mumford and Whitaker (1982) reported that almost every cave visited 
contained at least one bat of this species, although only three caves had 50 or more (one of these was Dillon Cave). It was also noted that in small caves 

! the pipistrelle was frequently the only bat species present. These bats always roost singly and usually occur on the walls or overhanging ledges rather than 
,on the ceilings of caves. Pipistrelles occur in caves during all months of the year/although relatively few occur there during the summer months. 

- --,E:-;;;cte;:;-c-~Traccoo~si,;-[h.;-~~~~es c~~~lst~-~ff;otprints,-;-aiTscratch marks and latrines, the latter are important sources of food for the invertebrate 
S5/GS •communi! . 
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Table 4 Obligate Subterranean Species Summary   
 

Common 
Name Scientific Name 

Global 
Rarity 
Rank 

Listing 
Status 

Ecological 
Status 

 

 

 

Hidden spring 
snail Fontigens cryptica  G1 State 

Endangered Stygobite X     

Northern cave 
isopod Caecidotea stygia  G5   Stygobite X   X 

Indiana cave 
amphipod 

Crangonyx 
indianensis   G3   Stygobite X   X 

Packard’s 
groundwater 
amphipod 

Crangonyx 
packardi   G3 State Rare Stygobite X     

Barr's cave 
amphipod Crangonyx barri G3 State Rare Stygobite     X 

Cave crayfish Orconectes inermis 
testii   G3 State 

Threatened Stygobite X   X 

Barr’s cave 
crayfish 
ostracod 

Sagittocythere barri  G3   Stygobite/ 
Commensal X     

Subterranean 
sheet-web 
spider 

Phanetta 
subterranea   G5   Troglobite X     

Bollman’s cave 
milliped Conotyla bollmani  G3 State Rare Troglobite X     

Indiana cave 
springtail Sinella alata   G3 State 

Endangered Troglobite X     

Mayfield cave 
beetle 

Pseudanophthalmus 
shilohensis 

mayfieldensis   
G1 State 

Endangered Troglobite X     

Cave dung fly Spelobia 
tenebrarum  G5   Troglobite X X X 

 
Comparative Evaluation 
 
The following is a list of the top faunal caves in Indiana, from cave bioinventories that 
surveyed about 484 caves (Lewis 1983, 1994, 1995, 1996, 1998; Lewis & Rafail 2002, 
2003; Lewis, Burns & Rafail 2004).  The list is rank-ordered by the number of obligate 
subterranean species (troglobites and stygobites) and species of high global rarity.   
 
  Cave          Obligate Subterranean         G1-G3 

    19       17 
 18   15 

   15   13 
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    12   10 
  12    9 

    11    9 
   11    9 
   11    9 

    11    8 
   11    8 

    11    7 
 

 Cave ranked 9th out of the 484 caves included in this list. 
 
Conclusions 
 
There were no federally listed species identified during the biological survey of  

 
 

 are areas of special concern due to biological significance from 
diverse troglobitic (obligate cave dwellers) fauna, and state-listed threatened and 
endangered species.  Mapped cave passage  extended under SR 37 (Roy and 
Wells 1959), and the minimum groundwater recharge area of the cave extended across 
SR 37 and the Section 5 corridor.   
 
The cave’s biological community appeared to be in relatively good health despite 
historical and current aquatic impacts from SR 37, which were not directly assessed.   
 
Planning and design of I-69 Section 5 should attempt to minimize potential additional 
impacts from water derived from Section 5.  Further studies may be warranted to refine 
the recharge area and provide the data necessary to evaluate the alternative drainage and 
treatment/mitigation options. 
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T = 20 days Site Type II
ADT = 40000 veh/day Constituent A B Constituent A B

Area Type = II Lead 1.02E‐03 0.04 TPO4 2.25E‐03 ‐0.32
K (1) = 87.3 lb/mi‐day Copper 3.16E‐04 0.064 CL‐ 0.042 87
K (2) = 6.5 Zinc 5.84E‐04 0.103 Fe 1.96E‐02 ‐5

Design Freq. 1 Year TSS 0.63 ‐188 Cd 4.16E‐05 0.021
Rain Duration 1 hr VSS 0.152 13.5 Cr 4.30E‐05 0.036
Rain Volume 1.21 in TVS 0.263 243 Hg 2.44E‐06 1.01E‐06

r 1.21 in/hr TKN 5.46E‐03 1.28
TOC 5.60E‐02 25.2
COD 0.193 275.3
TN 1.30E‐03 0.713

Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (mi) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb)

i168 sinkhole 1590+00 0.305 0 533 533 0.584 0.232 0.414 147.763 94.509 383.168 4.190 55.046 378.161 1.406 0.879 109.384 5.446 0.043 0.059 0.001
i020 sinkhole 1590+00 0.233 0 407 407 0.455 0.192 0.340 68.104 75.290 349.913 3.500 47.965 353.757 1.241 0.595 104.074 2.968 0.038 0.053 0.001
i023 sinkhole 1598+00 0.079 0 137 137 0.180 0.107 0.183 0.000 34.343 279.063 2.029 32.879 301.765 0.891 0.000 92.759 0.000 0.027 0.042 0.000
i024 sinkhole 1595+00 0.109 0 190 190 0.234 0.124 0.214 0.000 42.430 293.056 2.319 35.858 312.033 0.960 0.108 94.994 0.000 0.029 0.044 0.000
i025 sinkhole 1600+00 0.179 0 312 312 0.358 0.162 0.285 8.322 60.866 324.956 2.981 42.651 335.443 1.118 0.381 100.088 1.108 0.034 0.049 0.001
i426 sinkhole 1788+00 0.167 0 292 292 0.337 0.156 0.273 0.000 57.813 319.673 2.872 41.526 331.566 1.092 0.336 99.244 0.714 0.033 0.049 0.001
i412 sinkhole 1715+00 0.092 0 161 161 0.204 0.115 0.197 0.000 37.974 285.347 2.159 34.217 306.376 0.922 0.042 93.763 0.000 0.028 0.043 0.000
i040 sinkhole 1778+00 0.361 0 631 631 0.683 0.263 0.471 209.282 109.352 408.850 4.723 60.514 397.007 1.533 1.099 113.485 7.360 0.047 0.063 0.002
i042 sinkhole 1780+00 0.128 0 224 224 0.268 0.135 0.234 0.000 47.493 301.817 2.501 37.724 318.462 1.004 0.183 96.393 0.000 0.030 0.046 0.001
i426 sinkhole 1788+00 0.170 0 296 296 0.342 0.157 0.276 0.000 58.458 320.789 2.895 41.764 332.385 1.098 0.345 99.423 0.797 0.033 0.049 0.001
i192 sinkhole 2131+00 0.162 0 282 282 0.328 0.153 0.268 0.000 56.380 317.195 2.820 40.998 329.747 1.080 0.315 98.849 0.529 0.033 0.048 0.001
i430 sinkhole 1795+00 0.086 0 151 151 0.194 0.112 0.191 0.000 36.419 282.657 2.103 33.644 304.402 0.909 0.019 93.333 0.000 0.027 0.042 0.000
i044 sinkhole 1800+00 0.176 0 307 307 0.353 0.161 0.282 5.243 60.124 323.671 2.955 42.377 334.500 1.112 0.370 99.883 1.012 0.034 0.049 0.001
i182 sinkhole 1867+50 0.038 0 67 67 0.108 0.085 0.142 0.000 23.651 260.563 1.645 28.940 288.189 0.800 0.000 89.805 0.000 0.024 0.039 0.000
i205 sinkhole 1868+00 0.018 0 32 32 0.072 0.074 0.121 0.000 18.296 251.298 1.452 26.967 281.389 0.754 0.000 88.325 0.000 0.022 0.037 0.000
i116 sinkhole 1905+00 0.245 0 427 427 0.475 0.199 0.352 80.813 78.356 355.219 3.610 49.094 357.651 1.268 0.640 104.921 3.363 0.039 0.054 0.001
i174 sinkhole 1936+00 0.128 0 224 224 0.268 0.135 0.234 0.000 47.517 301.858 2.502 37.733 318.493 1.004 0.184 96.399 0.000 0.030 0.046 0.001
i192 sinkhole 2132+00 0.162 0 282 282 0.327 0.153 0.268 0.000 56.341 317.127 2.819 40.984 329.697 1.079 0.314 98.838 0.524 0.033 0.048 0.001
i049 sinkhole 2185+00 0.207 0 362 362 0.409 0.178 0.314 39.752 68.450 338.077 3.254 45.445 345.072 1.183 0.493 102.183 2.086 0.036 0.052 0.001
i084 sinkhole 2197+00 0.055 0 97 97 0.138 0.095 0.159 0.000 28.178 268.397 1.807 30.608 293.938 0.839 0.000 91.056 0.000 0.025 0.040 0.000
i194 sinkhole 2244+00 0.111 0 194 194 0.238 0.125 0.217 0.000 43.045 294.121 2.341 36.085 312.814 0.966 0.117 95.164 0.000 0.029 0.044 0.000
b03 Buried Sink 1653+00 0.088 0 154 154 0.197 0.113 0.193 0.000 36.874 283.443 2.120 33.811 304.978 0.913 0.026 93.459 0.000 0.027 0.043 0.000
b06 Buried Sink 1672+00 0.061 0 107 107 0.149 0.098 0.166 0.000 29.807 271.215 1.866 31.208 296.006 0.852 0.000 91.506 0.000 0.025 0.041 0.000
b09 Buried Sink 1676+00 0.010 0 18 18 0.058 0.070 0.113 0.000 16.184 247.644 1.376 26.189 278.708 0.736 0.000 87.742 0.000 0.022 0.037 0.000
b010 Buried Sink 1676+00 0.056 0 98 98 0.140 0.095 0.160 0.000 28.399 268.778 1.815 30.689 294.217 0.840 0.000 91.117 0.000 0.025 0.040 0.000
b012 Buried Sink 1680+00 0.072 0 126 126 0.169 0.104 0.177 0.000 32.669 276.167 1.969 32.262 299.639 0.877 0.000 92.297 0.000 0.026 0.041 0.000
b015 Buried Sink 1685+00 0.061 0 107 107 0.149 0.098 0.165 0.000 29.741 271.101 1.863 31.183 295.921 0.852 0.000 91.488 0.000 0.025 0.041 0.000
b016 Buried Sink 1695+00 0.131 0 228 228 0.273 0.136 0.236 0.000 48.191 303.024 2.526 37.981 319.348 1.010 0.194 96.586 0.000 0.030 0.046 0.001
b018 Buried Sink 1697+00 0.055 0 97 97 0.139 0.095 0.159 0.000 28.186 268.411 1.808 30.611 293.948 0.839 0.000 91.058 0.000 0.025 0.040 0.000
b019 Buried Sink 1777+00 0.094 0 164 164 0.207 0.116 0.199 0.000 38.419 286.117 2.175 34.381 306.941 0.926 0.049 93.886 0.000 0.028 0.043 0.000
b020 Buried Sink 1786+00 0.073 0 127 127 0.170 0.104 0.177 0.000 32.831 276.447 1.974 32.322 299.845 0.878 0.000 92.341 0.000 0.026 0.041 0.000
sp025 Spring 1584+50 0.146 0 255 255 0.300 0.145 0.252 0.000 52.225 310.004 2.671 39.467 324.471 1.044 0.253 97.700 0.000 0.032 0.047 0.001
sp026 Spring 1585+00 0.146 0 255 255 0.300 0.145 0.252 0.000 52.225 310.004 2.671 39.467 324.471 1.044 0.253 97.700 0.000 0.032 0.047 0.001
sp028 Spring 1586+00 0.146 0 255 255 0.300 0.145 0.252 0.000 52.225 310.004 2.671 39.467 324.471 1.044 0.253 97.700 0.000 0.032 0.047 0.001
sp032 Spring 1632+00 0.148 0 259 259 0.304 0.146 0.254 0.000 52.851 311.087 2.694 39.698 325.265 1.050 0.262 97.873 0.074 0.032 0.047 0.001
sp034 Spring 1660+00 0.337 0 588 588 0.639 0.250 0.446 182.238 102.827 397.560 4.489 58.110 388.722 1.477 1.002 111.683 6.519 0.045 0.061 0.001
sp055 Spring 1792+00 0.364 0 635 635 0.687 0.265 0.474 211.789 109.957 409.896 4.745 60.737 397.775 1.538 1.108 113.653 7.438 0.047 0.063 0.002
sp071 Spring 1895+00 0.569 0 993 992 1.052 0.378 0.683 437.199 164.342 503.996 6.698 80.773 466.829 2.003 1.913 128.680 14.451 0.062 0.079 0.002
sp077 Spring 1923+00 0.137 0 239 239 0.284 0.140 0.243 0.000 49.862 305.915 2.586 38.596 321.470 1.024 0.218 97.047 0.000 0.031 0.046 0.001
sp083 Spring 1939+00 0.057 0 100 100 0.142 0.096 0.161 0.000 28.717 269.329 1.827 30.806 294.621 0.843 0.000 91.205 0.000 0.025 0.040 0.000
sp093 Spring 1965+00 0.157 0 273 273 0.319 0.150 0.262 0.000 55.010 314.823 2.771 40.493 328.007 1.068 0.294 98.470 0.353 0.032 0.048 0.001
sp097 Spring 1972+00 0.132 0 231 231 0.275 0.137 0.238 0.000 48.554 303.653 2.539 38.115 319.809 1.013 0.199 96.686 0.000 0.031 0.046 0.001
sp098 Spring 1974+00 0.141 0 246 246 0.291 0.142 0.247 0.000 50.944 307.788 2.625 38.995 322.844 1.033 0.234 97.346 0.000 0.031 0.047 0.001
sp099 Spring 1975+00 0.069 0 121 121 0.164 0.102 0.174 0.000 31.916 274.864 1.942 31.985 298.683 0.871 0.000 92.089 0.000 0.026 0.041 0.000
sp107 Spring 1984+50 0.262 0 458 458 0.507 0.209 0.370 100.458 83.096 363.420 3.780 50.841 363.669 1.308 0.710 106.231 3.974 0.040 0.056 0.001
sp115 Spring 2117+00 0.270 0 471 471 0.520 0.213 0.378 108.461 85.027 366.761 3.849 51.552 366.121 1.325 0.739 106.764 4.223 0.041 0.056 0.001
sp120 Spring 2139+00 0.133 0 233 233 0.277 0.138 0.239 0.000 48.867 304.194 2.550 38.230 320.207 1.015 0.204 96.772 0.000 0.031 0.046 0.001
sp121 Spring 2140+00 0.022 0 38 38 0.079 0.076 0.125 0.000 19.293 253.023 1.488 27.334 282.655 0.763 0.000 88.601 0.000 0.023 0.038 0.000

Rainfall duration
Design event

Volume of design event rainfall (NOAA)
Runoff rate

Table 1 Regression Equations

TS Load at Discharge  
(Pd)

Mass Load per Rain Event (Highway)

Table #1‐1:  1‐Year/1‐Hour Pollutant Mass Loading of Karst Features for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

ID Type
Approx. Station

Length of R/W in 
Drainage Area

Initial TS Load before 
Event (Po)

TS Load after Event 
(P)

Wash‐off coefficient for  urban areas (Type II)

INPUT FOR TABLE #1 AND TABLE #2
Days between events, 20 days is maximum
Current ADT 
Urban area
Pollutant accumulation rate

USS Section 5 Karst Calculations_Existing Conditions.xlsx



sp122 Spring 2143+00 0.247 0 430 430 0.479 0.200 0.354 83.099 78.908 356.173 3.630 49.298 358.351 1.272 0.648 105.073 3.434 0.039 0.055 0.001
sp125 Spring 2145+50 0.164 0 286 285 0.331 0.154 0.270 0.000 56.891 318.077 2.839 41.186 330.395 1.084 0.322 98.989 0.595 0.033 0.048 0.001
sp127 Spring 2146+00 0.164 0 286 285 0.331 0.154 0.270 0.000 56.891 318.077 2.839 41.186 330.395 1.084 0.322 98.989 0.595 0.033 0.048 0.001
sp128 Spring 2148+00 0.164 0 286 285 0.331 0.154 0.270 0.000 56.891 318.077 2.839 41.186 330.395 1.084 0.322 98.989 0.595 0.033 0.048 0.001
sp136 Spring 2162+00 0.028 0 49 49 0.090 0.079 0.131 0.000 20.900 255.804 1.546 27.926 284.696 0.776 0.000 89.045 0.000 0.023 0.038 0.000
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T = 20 days Site Type II
ADT = 40000 veh/day Constituent A B Constituent A B

Area Type = II Lead 1.02E‐03 0.04 TPO4 2.25E‐03 ‐0.32
K (1) = 87.3 lb/mi‐day Copper 3.16E‐04 0.064 CL‐ 0.042 87
K (2) = 6.5 Zinc 5.84E‐04 0.103 Fe 1.96E‐02 ‐5

Design Freq. 2 Year TSS 0.63 ‐188 Cd 4.16E‐05 0.021
Rain Duration 24 hr VSS 0.152 13.5 Cr 4.30E‐05 0.036
Rain Volume 3.16 in TVS 0.263 243 Hg 2.44E‐06 1.01E‐06

r 0.13 in/hr TKN 5.46E‐03 1.28 0 0.00E+00 0
TOC 5.60E‐02 25.2 0 0 0
COD 0.193 275.3 0 0 0
TN 1.30E‐03 0.713 0 0.00E+00 0

Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (mi) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb)

i168 sinkhole 1590+00 0.305 0 533 307 0.353 0.161 0.282 5.162 60.104 323.637 2.954 42.370 334.475 1.112 0.370 99.877 1.009 0.034 0.049 0.001
i020 sinkhole 1590+00 0.233 0 407 234 0.279 0.138 0.240 0.000 49.047 304.506 2.557 38.296 320.436 1.017 0.206 96.822 0.000 0.031 0.046 0.001
i023 sinkhole 1598+00 0.079 0 137 79 0.120 0.089 0.149 0.000 25.491 263.747 1.711 29.618 290.525 0.816 0.000 90.313 0.000 0.024 0.039 0.000
i024 sinkhole 1595+00 0.109 0 190 109 0.152 0.099 0.167 0.000 30.143 271.797 1.878 31.332 296.432 0.855 0.000 91.599 0.000 0.026 0.041 0.000
i025 sinkhole 1600+00 0.179 0 312 179 0.223 0.121 0.208 0.000 40.750 290.149 2.259 35.239 309.900 0.946 0.083 94.529 0.000 0.028 0.044 0.000
i426 sinkhole 1788+00 0.167 0 292 168 0.211 0.117 0.201 0.000 38.993 287.109 2.196 34.592 307.669 0.931 0.057 94.044 0.000 0.028 0.043 0.000
i412 sinkhole 1715+00 0.092 0 161 93 0.134 0.093 0.157 0.000 27.580 267.362 1.786 30.387 293.178 0.833 0.000 90.891 0.000 0.025 0.040 0.000
i040 sinkhole 1778+00 0.361 0 631 363 0.410 0.179 0.315 40.553 68.643 338.412 3.261 45.516 345.317 1.185 0.496 102.237 2.111 0.036 0.052 0.001
i042 sinkhole 1780+00 0.128 0 224 129 0.171 0.105 0.178 0.000 33.056 276.837 1.982 32.405 300.131 0.880 0.000 92.404 0.000 0.026 0.042 0.000
i426 sinkhole 1788+00 0.170 0 296 170 0.214 0.118 0.202 0.000 39.364 287.752 2.209 34.729 308.141 0.934 0.063 94.147 0.000 0.028 0.043 0.000
i192 sinkhole 2131+00 0.162 0 282 162 0.206 0.115 0.198 0.000 38.169 285.684 2.166 34.289 306.623 0.924 0.045 93.816 0.000 0.028 0.043 0.000
i430 sinkhole 1795+00 0.086 0 151 87 0.128 0.091 0.154 0.000 26.685 265.814 1.754 30.058 292.042 0.826 0.000 90.643 0.000 0.025 0.040 0.000
i044 sinkhole 1800+00 0.176 0 307 176 0.220 0.120 0.206 0.000 40.322 289.410 2.243 35.082 309.357 0.942 0.077 94.411 0.000 0.028 0.044 0.000
i182 sinkhole 1867+50 0.038 0 67 38 0.079 0.076 0.125 0.000 19.340 253.104 1.490 27.351 282.715 0.763 0.000 88.614 0.000 0.023 0.038 0.000
i205 sinkhole 1868+00 0.018 0 32 18 0.059 0.070 0.114 0.000 16.259 247.774 1.379 26.216 278.803 0.737 0.000 87.762 0.000 0.022 0.037 0.000
i116 sinkhole 1905+00 0.245 0 427 245 0.290 0.142 0.246 0.000 50.811 307.558 2.620 38.946 322.676 1.032 0.232 97.310 0.000 0.031 0.047 0.001
i174 sinkhole 1936+00 0.128 0 224 129 0.171 0.105 0.178 0.000 33.070 276.861 1.983 32.410 300.148 0.880 0.000 92.407 0.000 0.026 0.042 0.000
i192 sinkhole 2132+00 0.162 0 282 162 0.205 0.115 0.198 0.000 38.146 285.645 2.165 34.280 306.594 0.924 0.045 93.810 0.000 0.028 0.043 0.000
i049 sinkhole 2185+00 0.207 0 362 208 0.252 0.130 0.224 0.000 45.112 297.697 2.416 36.847 315.439 0.983 0.148 95.735 0.000 0.030 0.045 0.001
i084 sinkhole 2197+00 0.055 0 97 56 0.097 0.082 0.135 0.000 21.944 257.611 1.583 28.311 286.022 0.785 0.000 89.333 0.000 0.023 0.038 0.000
i194 sinkhole 2244+00 0.111 0 194 112 0.154 0.099 0.168 0.000 30.497 272.409 1.891 31.462 296.882 0.858 0.000 91.697 0.000 0.026 0.041 0.000
b03 Buried Sink 1653+00 0.088 0 154 88 0.130 0.092 0.155 0.000 26.947 266.266 1.763 30.154 292.374 0.828 0.000 90.716 0.000 0.025 0.040 0.000
b06 Buried Sink 1672+00 0.061 0 107 62 0.103 0.084 0.139 0.000 22.881 259.232 1.617 28.656 287.212 0.793 0.000 89.592 0.000 0.024 0.039 0.000
b09 Buried Sink 1676+00 0.010 0 18 10 0.050 0.067 0.109 0.000 15.044 245.672 1.335 25.769 277.261 0.726 0.000 87.427 0.000 0.021 0.036 0.000
b010 Buried Sink 1676+00 0.056 0 98 56 0.098 0.082 0.136 0.000 22.071 257.830 1.588 28.358 286.183 0.786 0.000 89.368 0.000 0.023 0.038 0.000
b012 Buried Sink 1680+00 0.072 0 126 73 0.114 0.087 0.145 0.000 24.528 262.081 1.676 29.263 289.302 0.807 0.000 90.047 0.000 0.024 0.039 0.000
b015 Buried Sink 1685+00 0.061 0 107 61 0.103 0.083 0.139 0.000 22.843 259.166 1.616 28.642 287.163 0.793 0.000 89.582 0.000 0.024 0.039 0.000
b016 Buried Sink 1695+00 0.131 0 228 131 0.174 0.105 0.180 0.000 33.457 277.531 1.997 32.553 300.640 0.884 0.000 92.515 0.000 0.026 0.042 0.000
b018 Buried Sink 1697+00 0.055 0 97 56 0.097 0.082 0.135 0.000 21.949 257.619 1.583 28.313 286.028 0.785 0.000 89.335 0.000 0.023 0.038 0.000
b019 Buried Sink 1777+00 0.094 0 164 94 0.136 0.094 0.158 0.000 27.836 267.805 1.795 30.482 293.503 0.836 0.000 90.961 0.000 0.025 0.040 0.000
b020 Buried Sink 1786+00 0.073 0 127 73 0.115 0.087 0.146 0.000 24.621 262.242 1.679 29.297 289.420 0.808 0.000 90.073 0.000 0.024 0.039 0.000
sp025 Spring 1584+50 0.146 0 255 147 0.189 0.110 0.189 0.000 35.778 281.547 2.080 33.408 303.587 0.904 0.010 93.156 0.000 0.027 0.042 0.000
sp026 Spring 1585+00 0.146 0 255 147 0.189 0.110 0.189 0.000 35.778 281.547 2.080 33.408 303.587 0.904 0.010 93.156 0.000 0.027 0.042 0.000
sp028 Spring 1586+00 0.146 0 255 147 0.189 0.110 0.189 0.000 35.778 281.547 2.080 33.408 303.587 0.904 0.010 93.156 0.000 0.027 0.042 0.000
sp032 Spring 1632+00 0.148 0 259 149 0.192 0.111 0.190 0.000 36.138 282.170 2.093 33.540 304.045 0.907 0.015 93.255 0.000 0.027 0.042 0.000
sp034 Spring 1660+00 0.337 0 588 338 0.385 0.171 0.300 24.995 64.889 331.917 3.126 44.133 340.551 1.153 0.441 101.200 1.627 0.035 0.051 0.001
sp055 Spring 1792+00 0.364 0 635 365 0.412 0.179 0.316 41.995 68.991 339.014 3.273 45.644 345.759 1.188 0.501 102.333 2.155 0.036 0.052 0.001
sp071 Spring 1895+00 0.569 0 993 571 0.622 0.244 0.436 171.672 100.278 393.149 4.397 57.171 385.485 1.455 0.965 110.978 6.190 0.045 0.061 0.001
sp077 Spring 1923+00 0.137 0 239 138 0.180 0.107 0.183 0.000 34.419 279.195 2.031 32.907 301.861 0.892 0.000 92.780 0.000 0.027 0.042 0.000
sp083 Spring 1939+00 0.057 0 100 58 0.099 0.082 0.137 0.000 22.254 258.147 1.594 28.425 286.415 0.788 0.000 89.419 0.000 0.023 0.038 0.000
sp093 Spring 1965+00 0.157 0 273 157 0.200 0.114 0.195 0.000 37.380 284.319 2.138 33.998 305.622 0.917 0.033 93.599 0.000 0.028 0.043 0.000
sp097 Spring 1972+00 0.132 0 231 133 0.175 0.106 0.180 0.000 33.666 277.893 2.004 32.630 300.906 0.885 0.000 92.572 0.000 0.027 0.042 0.000
sp098 Spring 1974+00 0.141 0 246 142 0.185 0.109 0.186 0.000 35.041 280.272 2.054 33.136 302.652 0.897 0.000 92.952 0.000 0.027 0.042 0.000
sp099 Spring 1975+00 0.069 0 121 70 0.111 0.086 0.144 0.000 24.094 261.331 1.661 29.103 288.752 0.804 0.000 89.927 0.000 0.024 0.039 0.000
sp107 Spring 1984+50 0.262 0 458 263 0.309 0.147 0.257 0.000 53.538 312.277 2.718 39.951 326.138 1.055 0.273 98.063 0.163 0.032 0.047 0.001
sp115 Spring 2117+00 0.270 0 471 271 0.316 0.150 0.261 0.000 54.649 314.199 2.758 40.360 327.548 1.065 0.289 98.370 0.306 0.032 0.048 0.001
sp120 Spring 2139+00 0.133 0 233 134 0.177 0.106 0.181 0.000 33.846 278.205 2.011 32.696 301.135 0.887 0.000 92.622 0.000 0.027 0.042 0.000
sp121 Spring 2140+00 0.022 0 38 22 0.062 0.071 0.116 0.000 16.833 248.766 1.400 26.428 279.531 0.742 0.000 87.921 0.000 0.022 0.037 0.000

ID Type
Approx. Station

Length of R/W in 
Drainage Area

Initial TS Load before 
Event (Po)

Design event
Rainfall duration
Volume of design event rainfall (NOAA)
Runoff rate

TS Load after Event 
(P)

TS Load at Discharge  
(Pd)

Mass Load per Rain Event (Highway)

Current ADT 
Urban area
Pollutant accumulation rate
Wash‐off coefficient for  urban areas (Type II)

INPUT FOR TABLE #1 AND TABLE #2 Table 1 Regression Equations

Table #1‐2:  2‐Year/24‐Hour Pollutant Mass Loading of Karst Features for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

Days between events, 20 days is maximum
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sp122 Spring 2143+00 0.247 0 430 248 0.293 0.142 0.248 0.000 51.129 308.108 2.632 39.063 323.079 1.035 0.237 97.397 0.000 0.031 0.047 0.001
sp125 Spring 2145+50 0.164 0 286 164 0.208 0.116 0.199 0.000 38.462 286.191 2.177 34.397 306.995 0.926 0.050 93.897 0.000 0.028 0.043 0.000
sp127 Spring 2146+00 0.164 0 286 164 0.208 0.116 0.199 0.000 38.462 286.191 2.177 34.397 306.995 0.926 0.050 93.897 0.000 0.028 0.043 0.000
sp128 Spring 2148+00 0.164 0 286 164 0.208 0.116 0.199 0.000 38.462 286.191 2.177 34.397 306.995 0.926 0.050 93.897 0.000 0.028 0.043 0.000
sp136 Spring 2162+00 0.028 0 49 28 0.069 0.073 0.119 0.000 17.757 250.366 1.433 26.768 280.706 0.749 0.000 88.176 0.000 0.022 0.037 0.000
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T = 20 days Site Type II
ADT = 40000 veh/day Constituent A B Constituent A B

Area Type = II Lead 1.02E‐03 0.04 TPO4 2.25E‐03 ‐0.32
K (1) = 87.3 lb/mi‐day Copper 3.16E‐04 0.064 CL‐ 0.042 87
K (2) = 6.5 Zinc 5.84E‐04 0.103 Fe 1.96E‐02 ‐5

Design Freq. 5 Year TSS 0.63 ‐188 Cd 4.16E‐05 0.021
Rain Duration 24 hr VSS 0.152 13.5 Cr 4.30E‐05 0.036
Rain Volume 3.92 in TVS 0.263 243 Hg 2.44E‐06 1.01E‐06

r 0.16 in/hr TKN 5.46E‐03 1.28 0 0.00E+00 0
TOC 5.60E‐02 25.2 0 0 0
COD 0.193 275.3 0 0 0
TN 1.30E‐03 0.713 0 0.00E+00 0

Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (mi) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb)

i168 sinkhole 1590+00 0.305 0 533 349 0.396 0.174 0.307 31.714 66.510 334.722 3.184 44.730 342.609 1.166 0.465 101.648 1.836 0.036 0.051 0.001
i020 sinkhole 1590+00 0.233 0 407 266 0.311 0.148 0.258 0.000 53.934 312.961 2.732 40.097 326.640 1.059 0.279 98.172 0.214 0.032 0.047 0.001
i023 sinkhole 1598+00 0.079 0 137 90 0.132 0.092 0.155 0.000 27.139 266.599 1.770 30.225 292.618 0.830 0.000 90.769 0.000 0.025 0.040 0.000
i024 sinkhole 1595+00 0.109 0 190 125 0.167 0.103 0.176 0.000 32.431 275.755 1.960 32.174 299.337 0.875 0.000 92.231 0.000 0.026 0.041 0.000
i025 sinkhole 1600+00 0.179 0 312 204 0.248 0.128 0.222 0.000 44.495 296.630 2.393 36.619 314.656 0.978 0.139 95.564 0.000 0.029 0.045 0.000
i426 sinkhole 1788+00 0.167 0 292 191 0.235 0.124 0.214 0.000 42.497 293.173 2.322 35.883 312.119 0.961 0.109 95.012 0.000 0.029 0.044 0.000
i412 sinkhole 1715+00 0.092 0 161 105 0.147 0.097 0.165 0.000 29.515 270.711 1.855 31.100 295.635 0.850 0.000 91.425 0.000 0.025 0.041 0.000
i040 sinkhole 1778+00 0.361 0 631 413 0.461 0.194 0.344 71.971 76.223 351.527 3.533 48.308 354.942 1.249 0.608 104.331 3.088 0.038 0.054 0.001
i042 sinkhole 1780+00 0.128 0 224 146 0.189 0.110 0.188 0.000 35.744 281.488 2.079 33.395 303.544 0.903 0.009 93.146 0.000 0.027 0.042 0.000
i426 sinkhole 1788+00 0.170 0 296 194 0.237 0.125 0.216 0.000 42.919 293.903 2.337 36.039 312.655 0.965 0.115 95.129 0.000 0.029 0.044 0.000
i192 sinkhole 2131+00 0.162 0 282 185 0.228 0.122 0.211 0.000 41.560 291.551 2.288 35.538 310.929 0.953 0.095 94.753 0.000 0.029 0.044 0.000
i430 sinkhole 1795+00 0.086 0 151 99 0.141 0.095 0.161 0.000 28.498 268.950 1.819 30.726 294.343 0.841 0.000 91.144 0.000 0.025 0.040 0.000
i044 sinkhole 1800+00 0.176 0 307 201 0.245 0.127 0.220 0.000 44.009 295.789 2.376 36.440 314.039 0.974 0.132 95.430 0.000 0.029 0.045 0.000
i182 sinkhole 1867+50 0.038 0 67 44 0.085 0.078 0.129 0.000 20.142 254.493 1.519 27.647 283.734 0.770 0.000 88.835 0.000 0.023 0.038 0.000
i205 sinkhole 1868+00 0.018 0 32 21 0.061 0.071 0.115 0.000 16.638 248.430 1.393 26.356 279.285 0.740 0.000 87.867 0.000 0.022 0.037 0.000
i116 sinkhole 1905+00 0.245 0 427 279 0.325 0.152 0.266 0.000 55.940 316.433 2.804 40.836 329.188 1.076 0.308 98.727 0.473 0.033 0.048 0.001
i174 sinkhole 1936+00 0.128 0 224 146 0.189 0.110 0.189 0.000 35.760 281.515 2.080 33.401 303.564 0.903 0.010 93.151 0.000 0.027 0.042 0.000
i192 sinkhole 2132+00 0.162 0 282 184 0.228 0.122 0.211 0.000 41.534 291.507 2.287 35.528 310.896 0.953 0.095 94.746 0.000 0.029 0.044 0.000
i049 sinkhole 2185+00 0.207 0 362 237 0.281 0.139 0.241 0.000 49.458 305.216 2.572 38.448 320.957 1.021 0.212 96.936 0.000 0.031 0.046 0.001
i084 sinkhole 2197+00 0.055 0 97 63 0.104 0.084 0.140 0.000 23.105 259.619 1.625 28.739 287.496 0.795 0.000 89.654 0.000 0.024 0.039 0.000
i194 sinkhole 2244+00 0.111 0 194 127 0.170 0.104 0.177 0.000 32.833 276.452 1.974 32.323 299.848 0.878 0.000 92.342 0.000 0.026 0.041 0.000
b03 Buried Sink 1653+00 0.088 0 154 101 0.143 0.096 0.162 0.000 28.795 269.465 1.829 30.835 294.721 0.844 0.000 91.226 0.000 0.025 0.040 0.000
b06 Buried Sink 1672+00 0.061 0 107 70 0.112 0.086 0.144 0.000 24.171 261.463 1.663 29.131 288.849 0.804 0.000 89.949 0.000 0.024 0.039 0.000
b09 Buried Sink 1676+00 0.010 0 18 12 0.052 0.068 0.110 0.000 15.256 246.039 1.343 25.847 277.530 0.728 0.000 87.485 0.000 0.021 0.036 0.000
b010 Buried Sink 1676+00 0.056 0 98 64 0.105 0.084 0.140 0.000 23.249 259.869 1.630 28.792 287.679 0.796 0.000 89.694 0.000 0.024 0.039 0.000
b012 Buried Sink 1680+00 0.072 0 126 83 0.124 0.090 0.151 0.000 26.044 264.704 1.731 29.821 291.227 0.820 0.000 90.466 0.000 0.024 0.040 0.000
b015 Buried Sink 1685+00 0.061 0 107 70 0.111 0.086 0.144 0.000 24.127 261.388 1.662 29.115 288.794 0.804 0.000 89.937 0.000 0.024 0.039 0.000
b016 Buried Sink 1695+00 0.131 0 228 149 0.192 0.111 0.190 0.000 36.201 282.278 2.095 33.563 304.124 0.907 0.016 93.273 0.000 0.027 0.042 0.000
b018 Buried Sink 1697+00 0.055 0 97 63 0.104 0.084 0.140 0.000 23.110 259.628 1.625 28.741 287.503 0.795 0.000 89.655 0.000 0.024 0.039 0.000
b019 Buried Sink 1777+00 0.094 0 164 107 0.149 0.098 0.166 0.000 29.806 271.214 1.866 31.208 296.005 0.852 0.000 91.506 0.000 0.025 0.041 0.000
b020 Buried Sink 1786+00 0.073 0 127 83 0.125 0.090 0.152 0.000 26.149 264.887 1.734 29.860 291.361 0.821 0.000 90.495 0.000 0.024 0.040 0.000
sp025 Spring 1584+50 0.146 0 255 167 0.210 0.117 0.200 0.000 38.841 286.846 2.190 34.536 307.476 0.930 0.055 94.002 0.000 0.028 0.043 0.000
sp026 Spring 1585+00 0.146 0 255 167 0.210 0.117 0.200 0.000 38.841 286.846 2.190 34.536 307.476 0.930 0.055 94.002 0.000 0.028 0.043 0.000
sp028 Spring 1586+00 0.146 0 255 167 0.210 0.117 0.200 0.000 38.841 286.846 2.190 34.536 307.476 0.930 0.055 94.002 0.000 0.028 0.043 0.000
sp032 Spring 1632+00 0.148 0 259 169 0.213 0.118 0.202 0.000 39.250 287.555 2.205 34.687 307.996 0.933 0.061 94.115 0.000 0.028 0.043 0.000
sp034 Spring 1660+00 0.337 0 588 385 0.432 0.186 0.328 54.274 71.953 344.140 3.380 46.735 349.520 1.213 0.545 103.152 2.537 0.037 0.053 0.001
sp055 Spring 1792+00 0.364 0 635 415 0.464 0.195 0.346 73.611 76.619 352.212 3.547 48.454 355.444 1.253 0.614 104.441 3.139 0.038 0.054 0.001
sp071 Spring 1895+00 0.569 0 993 649 0.702 0.269 0.482 221.113 112.207 413.788 4.826 61.566 400.631 1.557 1.141 114.274 7.728 0.048 0.064 0.002
sp077 Spring 1923+00 0.137 0 239 157 0.200 0.113 0.194 0.000 37.294 284.170 2.135 33.966 305.512 0.917 0.032 93.575 0.000 0.028 0.043 0.000
sp083 Spring 1939+00 0.057 0 100 66 0.107 0.085 0.141 0.000 23.457 260.229 1.638 28.869 287.943 0.798 0.000 89.751 0.000 0.024 0.039 0.000
sp093 Spring 1965+00 0.157 0 273 179 0.222 0.120 0.207 0.000 40.663 289.999 2.256 35.207 309.790 0.945 0.082 94.506 0.000 0.028 0.044 0.000
sp097 Spring 1972+00 0.132 0 231 151 0.194 0.112 0.191 0.000 36.438 282.689 2.104 33.651 304.426 0.909 0.020 93.338 0.000 0.027 0.042 0.000
sp098 Spring 1974+00 0.141 0 246 161 0.204 0.115 0.197 0.000 38.002 285.395 2.160 34.227 306.411 0.923 0.043 93.770 0.000 0.028 0.043 0.000
sp099 Spring 1975+00 0.069 0 121 79 0.121 0.089 0.149 0.000 25.551 263.851 1.713 29.640 290.601 0.816 0.000 90.330 0.000 0.024 0.039 0.000
sp107 Spring 1984+50 0.262 0 458 300 0.346 0.159 0.278 0.759 59.042 321.799 2.916 41.979 333.126 1.103 0.354 99.584 0.872 0.033 0.049 0.001
sp115 Spring 2117+00 0.270 0 471 308 0.354 0.161 0.283 5.996 60.305 323.986 2.961 42.444 334.731 1.113 0.373 99.933 1.035 0.034 0.049 0.001
sp120 Spring 2139+00 0.133 0 233 152 0.195 0.112 0.192 0.000 36.643 283.044 2.111 33.726 304.686 0.911 0.023 93.395 0.000 0.027 0.043 0.000
sp121 Spring 2140+00 0.022 0 38 25 0.065 0.072 0.118 0.000 17.291 249.559 1.416 26.597 280.113 0.745 0.000 88.047 0.000 0.022 0.037 0.000

ID Type
Approx. Station

Length of R/W in 
Drainage Area

Initial TS Load before 
Event (Po)

Design event
Rainfall duration
Volume of design event rainfall (NOAA)
Runoff rate

TS Load after Event 
(P)

TS Load at Discharge  
(Pd)

Mass Load per Rain Event (Highway)

Current ADT 
Urban area
Pollutant accumulation rate
Wash‐off coefficient for  urban areas (Type II)

INPUT FOR TABLE #1 AND TABLE #2 Table 1 Regression Equations

Table #1‐3:  5‐Year/24‐Hour Pollutant Mass Loading of Karst Features for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

Days between events, 20 days is maximum
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sp122 Spring 2143+00 0.247 0 430 282 0.327 0.153 0.267 0.000 56.301 317.057 2.817 40.969 329.646 1.079 0.314 98.827 0.519 0.033 0.048 0.001
sp125 Spring 2145+50 0.164 0 286 187 0.231 0.123 0.212 0.000 41.894 292.128 2.300 35.661 311.352 0.956 0.100 94.846 0.000 0.029 0.044 0.000
sp127 Spring 2146+00 0.164 0 286 187 0.231 0.123 0.212 0.000 41.894 292.128 2.300 35.661 311.352 0.956 0.100 94.846 0.000 0.029 0.044 0.000
sp128 Spring 2148+00 0.164 0 286 187 0.231 0.123 0.212 0.000 41.894 292.128 2.300 35.661 311.352 0.956 0.100 94.846 0.000 0.029 0.044 0.000
sp136 Spring 2162+00 0.028 0 49 32 0.072 0.074 0.122 0.000 18.342 251.379 1.454 26.984 281.449 0.754 0.000 88.338 0.000 0.022 0.037 0.000

USS Section 5 Karst Calculations_Existing Conditions.xlsx



T = 20 days Site Type II
ADT = 40000 veh/day Constituent A B Constituent A B

Area Type = II 0 Lead 1.02E‐03 0.04 TPO4 2.25E‐03 ‐0.32
K (1) = 87.3 lb/mi‐day Copper 3.16E‐04 0.064 CL‐ 0.042 87
K (2) = 6.5 0 Zinc 5.84E‐04 0.103 Fe 1.96E‐02 ‐5

Design Freq. 50 Year TSS 0.63 ‐188 Cd 4.16E‐05 0.021
Rain Duration 0.17 hr VSS 0.152 13.5 Cr 4.30E‐05 0.036
Rain Volume 1.20 in TVS 0.263 243 Hg 2.44E‐06 1.01E‐06

r 7.20 in/hr TKN 5.46E‐03 1.28 0 0.00E+00 0
TOC 5.60E‐02 25.2 0 0 0
COD 0.193 275.3 0 0 0
TN 1.30E‐03 0.713 0 0.00E+00 0

Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (mi) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb)

i168 sinkhole 1590+00 0.305 0 533 533 0.584 0.232 0.414 147.892 94.541 383.222 4.191 55.057 378.200 1.406 0.880 109.393 5.450 0.043 0.059 0.001
i020 sinkhole 1590+00 0.233 0 407 407 0.455 0.193 0.340 68.202 75.314 349.954 3.500 47.974 353.787 1.242 0.595 104.080 2.971 0.038 0.053 0.001
i023 sinkhole 1598+00 0.079 0 137 137 0.180 0.107 0.183 0.000 34.351 279.077 2.029 32.882 301.775 0.891 0.000 92.761 0.000 0.027 0.042 0.000
i024 sinkhole 1595+00 0.109 0 190 190 0.234 0.124 0.214 0.000 42.441 293.075 2.320 35.862 312.047 0.961 0.108 94.997 0.000 0.029 0.044 0.000
i025 sinkhole 1600+00 0.179 0 312 312 0.358 0.163 0.285 8.397 60.885 324.988 2.982 42.658 335.466 1.118 0.381 100.093 1.110 0.034 0.049 0.001
i426 sinkhole 1788+00 0.167 0 292 292 0.337 0.156 0.273 0.000 57.830 319.703 2.872 41.532 331.588 1.092 0.336 99.249 0.716 0.033 0.049 0.001
i412 sinkhole 1715+00 0.092 0 161 161 0.204 0.115 0.197 0.000 37.984 285.363 2.159 34.220 306.388 0.922 0.042 93.765 0.000 0.028 0.043 0.000
i040 sinkhole 1778+00 0.361 0 631 631 0.683 0.263 0.471 209.435 109.389 408.913 4.724 60.528 397.054 1.533 1.099 113.496 7.365 0.047 0.063 0.002
i042 sinkhole 1780+00 0.128 0 224 224 0.268 0.135 0.234 0.000 47.506 301.840 2.502 37.729 318.479 1.004 0.183 96.396 0.000 0.030 0.046 0.001
i426 sinkhole 1788+00 0.170 0 296 296 0.342 0.158 0.276 0.000 58.475 320.819 2.896 41.770 332.407 1.098 0.346 99.427 0.799 0.033 0.049 0.001
i192 sinkhole 2131+00 0.162 0 282 282 0.328 0.153 0.268 0.000 56.397 317.223 2.821 41.004 329.768 1.080 0.315 98.853 0.531 0.033 0.048 0.001
i430 sinkhole 1795+00 0.086 0 151 151 0.194 0.112 0.191 0.000 36.428 282.672 2.104 33.647 304.413 0.909 0.019 93.335 0.000 0.027 0.042 0.000
i044 sinkhole 1800+00 0.176 0 307 307 0.353 0.161 0.282 5.318 60.142 323.702 2.955 42.384 334.523 1.112 0.370 99.888 1.014 0.034 0.049 0.001
i182 sinkhole 1867+50 0.038 0 67 67 0.108 0.085 0.142 0.000 23.655 260.570 1.645 28.941 288.194 0.800 0.000 89.806 0.000 0.024 0.039 0.000
i205 sinkhole 1868+00 0.018 0 32 32 0.072 0.074 0.121 0.000 18.297 251.301 1.452 26.967 281.391 0.754 0.000 88.326 0.000 0.022 0.037 0.000
i116 sinkhole 1905+00 0.245 0 427 427 0.475 0.199 0.352 80.916 78.381 355.262 3.611 49.104 357.682 1.268 0.640 104.928 3.366 0.039 0.054 0.001
i174 sinkhole 1936+00 0.128 0 224 224 0.268 0.135 0.234 0.000 47.530 301.881 2.502 37.737 318.509 1.004 0.184 96.403 0.000 0.030 0.046 0.001
i192 sinkhole 2132+00 0.162 0 282 282 0.328 0.153 0.268 0.000 56.358 317.156 2.820 40.990 329.718 1.080 0.314 98.842 0.526 0.033 0.048 0.001
i049 sinkhole 2185+00 0.207 0 362 362 0.409 0.178 0.314 39.839 68.471 338.114 3.255 45.452 345.098 1.183 0.494 102.189 2.088 0.036 0.052 0.001
i084 sinkhole 2197+00 0.055 0 97 97 0.139 0.095 0.159 0.000 28.184 268.407 1.807 30.610 293.945 0.839 0.000 91.057 0.000 0.025 0.040 0.000
i194 sinkhole 2244+00 0.111 0 194 194 0.238 0.125 0.217 0.000 43.056 294.140 2.342 36.089 312.829 0.966 0.118 95.167 0.000 0.029 0.044 0.000
b03 Buried Sink 1653+00 0.088 0 154 154 0.197 0.113 0.193 0.000 36.883 283.458 2.120 33.815 304.990 0.913 0.026 93.461 0.000 0.027 0.043 0.000
b06 Buried Sink 1672+00 0.061 0 107 107 0.149 0.098 0.166 0.000 29.813 271.226 1.866 31.210 296.013 0.853 0.000 91.508 0.000 0.025 0.041 0.000
b09 Buried Sink 1676+00 0.010 0 18 18 0.058 0.070 0.113 0.000 16.185 247.646 1.376 26.189 278.710 0.736 0.000 87.742 0.000 0.022 0.037 0.000
b010 Buried Sink 1676+00 0.056 0 98 98 0.140 0.095 0.160 0.000 28.404 268.788 1.815 30.691 294.224 0.840 0.000 91.118 0.000 0.025 0.040 0.000
b012 Buried Sink 1680+00 0.072 0 126 126 0.169 0.104 0.177 0.000 32.676 276.180 1.969 32.265 299.649 0.877 0.000 92.299 0.000 0.026 0.041 0.000
b015 Buried Sink 1685+00 0.061 0 107 107 0.149 0.098 0.165 0.000 29.747 271.111 1.864 31.186 295.929 0.852 0.000 91.489 0.000 0.025 0.041 0.000
b016 Buried Sink 1695+00 0.131 0 228 228 0.273 0.136 0.236 0.000 48.204 303.047 2.527 37.986 319.365 1.010 0.194 96.589 0.000 0.030 0.046 0.001
b018 Buried Sink 1697+00 0.055 0 97 97 0.139 0.095 0.159 0.000 28.192 268.421 1.808 30.613 293.955 0.839 0.000 91.060 0.000 0.025 0.040 0.000
b019 Buried Sink 1777+00 0.094 0 164 164 0.207 0.116 0.199 0.000 38.429 286.133 2.175 34.384 306.953 0.926 0.049 93.888 0.000 0.028 0.043 0.000
b020 Buried Sink 1786+00 0.073 0 127 127 0.170 0.104 0.177 0.000 32.838 276.460 1.975 32.325 299.854 0.878 0.000 92.343 0.000 0.026 0.041 0.000
sp025 Spring 1584+50 0.146 0 255 255 0.300 0.145 0.252 0.000 52.240 310.030 2.672 39.473 324.489 1.044 0.253 97.704 0.000 0.032 0.047 0.001
sp026 Spring 1585+00 0.146 0 255 255 0.300 0.145 0.252 0.000 52.240 310.030 2.672 39.473 324.489 1.044 0.253 97.704 0.000 0.032 0.047 0.001
sp028 Spring 1586+00 0.146 0 255 255 0.300 0.145 0.252 0.000 52.240 310.030 2.672 39.473 324.489 1.044 0.253 97.704 0.000 0.032 0.047 0.001
sp032 Spring 1632+00 0.148 0 259 259 0.304 0.146 0.254 0.000 52.866 311.114 2.694 39.703 325.285 1.050 0.263 97.877 0.076 0.032 0.047 0.001
sp034 Spring 1660+00 0.337 0 588 588 0.640 0.250 0.446 182.381 102.862 397.619 4.490 58.123 388.766 1.477 1.003 111.692 6.523 0.045 0.061 0.001
sp055 Spring 1792+00 0.364 0 635 635 0.688 0.265 0.474 211.942 109.994 409.960 4.746 60.750 397.822 1.538 1.108 113.663 7.443 0.047 0.063 0.002
sp071 Spring 1895+00 0.569 0 993 993 1.053 0.378 0.683 437.439 164.400 504.096 6.700 80.795 466.903 2.004 1.914 128.696 14.458 0.062 0.079 0.002
sp077 Spring 1923+00 0.137 0 239 239 0.284 0.140 0.243 0.000 49.876 305.939 2.587 38.602 321.488 1.024 0.218 97.051 0.000 0.031 0.046 0.001
sp083 Spring 1939+00 0.057 0 100 100 0.142 0.096 0.161 0.000 28.723 269.339 1.827 30.808 294.629 0.843 0.000 91.206 0.000 0.025 0.040 0.000
sp093 Spring 1965+00 0.157 0 273 273 0.319 0.150 0.263 0.000 55.026 314.851 2.772 40.499 328.027 1.068 0.295 98.474 0.355 0.032 0.048 0.001
sp097 Spring 1972+00 0.132 0 231 231 0.275 0.137 0.238 0.000 48.568 303.676 2.540 38.120 319.827 1.013 0.199 96.690 0.000 0.031 0.046 0.001
sp098 Spring 1974+00 0.141 0 246 246 0.291 0.142 0.247 0.000 50.958 307.813 2.626 39.000 322.862 1.033 0.234 97.350 0.000 0.031 0.047 0.001
sp099 Spring 1975+00 0.069 0 121 121 0.164 0.102 0.174 0.000 31.923 274.876 1.942 31.987 298.692 0.871 0.000 92.090 0.000 0.026 0.041 0.000
sp107 Spring 1984+50 0.262 0 458 458 0.507 0.209 0.370 100.569 83.123 363.466 3.781 50.851 363.703 1.308 0.711 106.238 3.978 0.040 0.056 0.001
sp115 Spring 2117+00 0.270 0 471 471 0.520 0.213 0.378 108.575 85.055 366.808 3.850 51.562 366.156 1.325 0.739 106.772 4.227 0.041 0.056 0.001
sp120 Spring 2139+00 0.133 0 233 233 0.277 0.138 0.239 0.000 48.881 304.218 2.551 38.235 320.224 1.016 0.204 96.776 0.000 0.031 0.046 0.001
sp121 Spring 2140+00 0.022 0 38 38 0.079 0.076 0.125 0.000 19.295 253.027 1.488 27.335 282.658 0.763 0.000 88.601 0.000 0.023 0.038 0.000

INPUT FOR TABLE #1 AND TABLE #2 Table 1 Regression Equations
Days between events, 20 days is maximum
Current ADT 
Urban area
Pollutant accumulation rate
Wash‐off coefficient for  urban areas (Type II)
Design event
Rainfall duration
Volume of design event rainfall (NOAA)
Runoff rate

Table #1‐4:  50‐Year/10‐Min Pollutant Mass Loading of Karst Features for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

ID Type
Approx. Station

Length of R/W in 
Drainage Area

Initial TS Load before 
Event (Po)

TS Load after Event 
(P)

TS Load at Discharge  
(Pd)

Mass Load per Rain Event (Highway)
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sp122 Spring 2143+00 0.247 0 430 430 0.479 0.200 0.354 83.203 78.933 356.217 3.630 49.307 358.383 1.273 0.649 105.080 3.437 0.039 0.055 0.001
sp125 Spring 2145+50 0.164 0 286 286 0.331 0.154 0.270 0.000 56.907 318.106 2.839 41.192 330.416 1.084 0.323 98.994 0.597 0.033 0.048 0.001
sp127 Spring 2146+00 0.164 0 286 286 0.331 0.154 0.270 0.000 56.907 318.106 2.839 41.192 330.416 1.084 0.323 98.994 0.597 0.033 0.048 0.001
sp128 Spring 2148+00 0.164 0 286 286 0.331 0.154 0.270 0.000 56.907 318.106 2.839 41.192 330.416 1.084 0.323 98.994 0.597 0.033 0.048 0.001
sp136 Spring 2162+00 0.028 0 49 49 0.090 0.079 0.131 0.000 20.903 255.809 1.546 27.927 284.700 0.776 0.000 89.046 0.000 0.023 0.038 0.000

USS Section 5 Karst Calculations_Existing Conditions.xlsx



T = 20 days Site Type II
ADT = 70,000 veh/day Constituent A B Constituent A B

Area Type = II Lead 1.02E‐03 0.04 TPO4 2.25E‐03 ‐0.32
K (1) = 143.6 lb/mi‐day Copper 3.16E‐04 0.064 CL‐ 0.042 87
K (2) = 6.5 Zinc 5.84E‐04 0.103 Fe 1.96E‐02 ‐5

Design Freq. 1 Year TSS 0.63 ‐188 Cd 4.16E‐05 0.021
Rain Duration 1 hr VSS 0.152 13.5 Cr 4.30E‐05 0.036
Rain Volume 1.21 in TVS 0.263 243 Hg 2.44E‐06 1.01E‐06

r 1.21 in/hr TKN 5.46E‐03 1.28
TOC 5.60E‐02 25.2
COD 0.193 275.3
TN 1.30E‐03 0.713

Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (mi) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb)

i219 sinkhole 1557+00 0.087 0 250 250 0.295 0.143 0.249 0.000 51.472 308.701 2.644 39.190 323.514 1.038 0.242 97.492 0.000 0.031 0.047 0.001
i379 sinkhole 1570+00 0.304 0 873 873 0.930 0.340 0.613 361.937 146.183 472.577 6.046 74.083 443.773 1.848 1.644 123.662 12.109 0.057 0.074 0.002
i017 sinkhole 1573+00 0.259 0 744 744 0.799 0.299 0.537 280.532 126.543 438.593 5.341 66.847 418.834 1.680 1.353 118.235 9.577 0.052 0.068 0.002
i015 sinkhole 1577+00 0.167 0 480 480 0.529 0.216 0.383 114.103 86.388 369.116 3.898 52.054 367.849 1.336 0.759 107.140 4.399 0.041 0.057 0.001
i387 sinkhole 1579+00 0.020 0 57 57 0.099 0.082 0.137 0.000 22.229 258.104 1.594 28.416 286.384 0.788 0.000 89.412 0.000 0.023 0.038 0.000
i168 sinkhole 1586+00 0.328 0 942 942 1.001 0.362 0.653 405.353 156.658 490.701 6.422 77.942 457.073 1.937 1.799 126.557 13.460 0.060 0.076 0.002
i020 sinkhole 1591+00 0.237 0 681 681 0.734 0.279 0.500 240.733 116.940 421.979 4.996 63.310 406.642 1.598 1.211 115.582 8.338 0.049 0.065 0.002
i024 sinkhole 1596+00 0.100 0 287 287 0.333 0.155 0.271 0.000 57.146 318.519 2.848 41.280 330.719 1.086 0.326 99.060 0.628 0.033 0.048 0.001
i023 sinkhole 1597+00 0.095 0 273 273 0.318 0.150 0.262 0.000 54.963 314.743 2.769 40.476 327.948 1.068 0.294 98.457 0.347 0.032 0.048 0.001
i025 sinkhole 1599+00 0.180 0 517 517 0.567 0.227 0.405 137.620 92.062 378.934 4.102 54.144 375.054 1.385 0.843 108.708 5.130 0.043 0.058 0.001
i050 sinkhole 1605+00 0.086 0 247 247 0.292 0.142 0.247 0.000 51.035 307.946 2.628 39.029 322.960 1.034 0.236 97.372 0.000 0.031 0.047 0.001
i412 sinkhole 1715+00 0.077 0 221 221 0.266 0.134 0.232 0.000 47.107 301.149 2.487 37.582 317.972 1.000 0.177 96.286 0.000 0.030 0.046 0.001
i040 sinkhole 1777+00 0.357 0 1,025 1,025 1.086 0.388 0.702 457.814 169.315 512.602 6.877 82.606 473.145 2.046 1.986 130.054 15.092 0.064 0.080 0.003
i042 sinkhole 1780+00 0.106 0 304 304 0.350 0.160 0.281 3.754 59.765 323.050 2.942 42.245 334.044 1.109 0.365 99.784 0.966 0.034 0.049 0.001
i426 sinkhole 1790+00 0.150 0 431 431 0.479 0.200 0.355 83.350 78.969 356.278 3.632 49.320 358.428 1.273 0.649 105.090 3.442 0.039 0.055 0.001
i430 sinkhole 1800+00 0.168 0 483 482 0.532 0.216 0.385 115.912 86.825 369.871 3.914 52.214 368.403 1.340 0.765 107.261 4.455 0.041 0.057 0.001
i044 sinkhole 1680+00 0.072 0 207 207 0.251 0.129 0.224 0.000 44.925 297.373 2.409 36.778 315.201 0.982 0.145 95.683 0.000 0.030 0.045 0.001
b182 sinkhole 1869+00 0.015 0 43 43 0.084 0.078 0.128 0.000 20.047 254.328 1.515 27.612 283.613 0.769 0.000 88.809 0.000 0.023 0.038 0.000
i205 sinkhole 1869+00 0.020 0 57 57 0.099 0.082 0.137 0.000 22.229 258.104 1.594 28.416 286.384 0.788 0.000 89.412 0.000 0.023 0.038 0.000
i116 sinkhole 1905+00 0.242 0 695 695 0.749 0.284 0.509 249.778 119.123 425.755 5.074 64.114 409.413 1.616 1.243 116.185 8.620 0.050 0.066 0.002
i174 sinkhole 1936+00 0.129 0 371 370 0.418 0.181 0.319 45.361 69.803 340.419 3.302 45.943 346.790 1.195 0.513 102.557 2.260 0.036 0.052 0.001
i229 sinkhole 2122+00 0.048 0 138 138 0.181 0.108 0.183 0.000 34.450 279.249 2.033 32.918 301.901 0.892 0.000 92.789 0.000 0.027 0.042 0.000
i252 sinkhole 2129+00 0.037 0 106 106 0.148 0.098 0.165 0.000 29.649 270.942 1.860 31.150 295.805 0.851 0.000 91.462 0.000 0.025 0.041 0.000
i192 sinkhole 2131+00 0.169 0 485 485 0.535 0.217 0.386 117.721 87.261 370.627 3.930 52.375 368.957 1.344 0.772 107.381 4.511 0.041 0.057 0.001
i269 sinkhole 2145+50 0.036 0 103 103 0.145 0.097 0.163 0.000 29.212 270.187 1.844 30.989 295.251 0.847 0.000 91.342 0.000 0.025 0.040 0.000
i471 sinkhole 2149+00 0.032 0 92 92 0.134 0.093 0.157 0.000 27.467 267.166 1.782 30.346 293.034 0.832 0.000 90.859 0.000 0.025 0.040 0.000
i048 sinkhole 2153+00 0.053 0 152 152 0.195 0.112 0.192 0.000 36.632 283.025 2.111 33.722 304.672 0.911 0.022 93.392 0.000 0.027 0.043 0.000
i054 sinkhole 2155+00 0.133 0 382 382 0.430 0.185 0.326 52.597 71.549 343.440 3.365 46.586 349.007 1.209 0.539 103.040 2.485 0.037 0.052 0.001
i075 sinkhole 2185+00 0.211 0 606 606 0.658 0.255 0.457 193.699 105.593 402.344 4.588 59.129 392.233 1.501 1.043 112.447 6.875 0.046 0.062 0.001
i055 sinkhole 2192+50 0.081 0 233 233 0.277 0.137 0.239 0.000 48.853 304.170 2.550 38.225 320.189 1.015 0.203 96.769 0.000 0.031 0.046 0.001
i084 sinkhole 2197+00 0.081 0 233 233 0.277 0.137 0.239 0.000 48.853 304.170 2.550 38.225 320.189 1.015 0.203 96.769 0.000 0.031 0.046 0.001
i064 sinkhole 2208+00 0.074 0 213 212 0.257 0.131 0.227 0.000 45.798 298.884 2.440 37.099 316.310 0.989 0.158 95.924 0.000 0.030 0.045 0.001
i194 sinkhole 2244+00 0.011 0 32 32 0.072 0.074 0.121 0.000 18.301 251.307 1.452 26.969 281.396 0.754 0.000 88.327 0.000 0.022 0.037 0.000
b03 Buried Sink 1652+50 0.085 0 244 244 0.289 0.141 0.246 0.000 50.599 307.191 2.613 38.868 322.406 1.030 0.229 97.251 0.000 0.031 0.046 0.001
b06 Buried Sink 1672+00 0.070 0 201 201 0.245 0.128 0.220 0.000 44.052 295.863 2.377 36.456 314.093 0.974 0.132 95.442 0.000 0.029 0.045 0.000
b07 Buried Sink 1672+00 0.040 0 115 115 0.157 0.100 0.170 0.000 30.958 273.207 1.907 31.632 297.467 0.862 0.000 91.824 0.000 0.026 0.041 0.000
b08 Buried Sink 1675+00 0.052 0 149 149 0.192 0.111 0.190 0.000 36.196 282.270 2.095 33.562 304.118 0.907 0.016 93.271 0.000 0.027 0.042 0.000
b09 Buried Sink 1675+00 0.057 0 164 164 0.207 0.116 0.199 0.000 38.378 286.046 2.174 34.366 306.889 0.926 0.048 93.874 0.000 0.028 0.043 0.000
b10 Buried Sink 1677+00 0.068 0 195 195 0.239 0.126 0.217 0.000 43.179 294.353 2.346 36.134 312.985 0.967 0.119 95.201 0.000 0.029 0.044 0.000
b12 Buried Sink 1681+00 0.075 0 215 215 0.260 0.132 0.229 0.000 46.234 299.639 2.456 37.260 316.864 0.993 0.165 96.045 0.000 0.030 0.045 0.001
b15 Buried Sink 1685+00 0.058 0 167 167 0.210 0.117 0.200 0.000 38.815 286.801 2.189 34.526 307.443 0.930 0.055 93.995 0.000 0.028 0.043 0.000
b16 Buried Sink 1694+00 0.119 0 342 342 0.389 0.172 0.303 27.271 65.438 332.867 3.146 44.335 341.248 1.157 0.449 101.351 1.697 0.035 0.051 0.001
b17 Buried Sink 1695+00 0.062 0 178 178 0.222 0.120 0.207 0.000 40.560 289.822 2.252 35.170 309.660 0.944 0.081 94.477 0.000 0.028 0.044 0.000
b18 Buried Sink 1697+00 0.044 0 126 126 0.169 0.104 0.177 0.000 32.704 276.228 1.970 32.275 299.684 0.877 0.000 92.306 0.000 0.026 0.041 0.000
b19 Buried Sink 1717+00 0.084 0 241 241 0.286 0.140 0.244 0.000 50.162 306.436 2.597 38.707 321.852 1.027 0.223 97.130 0.000 0.031 0.046 0.001
b20 Buried Sink 1787+00 0.057 0 164 164 0.207 0.116 0.199 0.000 38.378 286.046 2.174 34.366 306.889 0.926 0.048 93.874 0.000 0.028 0.043 0.000
b21 Buried Sink 1813+00 0.058 0 167 167 0.210 0.117 0.200 0.000 38.815 286.801 2.189 34.526 307.443 0.930 0.055 93.995 0.000 0.028 0.043 0.000
sp025 Spring 1583+75 0.040 0 115 115 0.157 0.100 0.170 0.000 30.958 273.207 1.907 31.632 297.467 0.862 0.000 91.824 0.000 0.026 0.041 0.000

Rainfall duration
Design event

Volume of design event rainfall (NOAA)
Runoff rate

Table 1 Regression Equations

TS Load at Discharge  
(Pd)

Mass Load per Rain Event (Highway)

Table #1‐5:  1‐Year/1‐Hour Pollutant Mass Loading of Karst Features for Post‐Construction (Proposed) Conditions ‐ I‐69 Refined Preferred Alternative #8

ID Type
Approx. Station

Length of R/W in 
Drainage Area

Initial TS Load before 
Event (Po)

TS Load after Event 
(P)

Wash‐off coefficient for  urban areas (Type II)

INPUT FOR TABLE #1 AND TABLE #2
Days between events, 20 days is maximum
Current ADT 
Urban area
Pollutant accumulation rate
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sp026 Spring 1584+00 0.040 0 115 115 0.157 0.100 0.170 0.000 30.958 273.207 1.907 31.632 297.467 0.862 0.000 91.824 0.000 0.026 0.041 0.000
sp028 Spring 1586+00 0.040 0 115 115 0.157 0.100 0.170 0.000 30.958 273.207 1.907 31.632 297.467 0.862 0.000 91.824 0.000 0.026 0.041 0.000
sp032 Spring 1632+00 0.076 0 218 218 0.263 0.133 0.230 0.000 46.671 300.394 2.472 37.421 317.418 0.997 0.171 96.166 0.000 0.030 0.045 0.001
sp083 Spring 1939+50 0.047 0 135 135 0.178 0.107 0.182 0.000 34.014 278.494 2.017 32.758 301.347 0.888 0.000 92.668 0.000 0.027 0.042 0.000
sp112 Spring 2110+00 0.079 0 227 227 0.271 0.136 0.235 0.000 47.980 302.660 2.519 37.903 319.081 1.008 0.190 96.527 0.000 0.030 0.046 0.001
sp122 Spring 2140+00 0.229 0 658 658 0.711 0.272 0.487 226.261 113.449 415.938 4.870 62.023 402.209 1.568 1.160 114.617 7.888 0.048 0.064 0.002
sp124 Spring 2145+00 0.057 0 164 164 0.207 0.116 0.199 0.000 38.378 286.046 2.174 34.366 306.889 0.926 0.048 93.874 0.000 0.028 0.043 0.000
sp128 Spring 2150+00 0.254 0 730 729 0.784 0.294 0.529 271.487 124.360 434.817 5.262 66.043 416.063 1.661 1.321 117.632 9.295 0.051 0.067 0.002
sp136 Spring 2161+50 0.026 0 75 75 0.116 0.088 0.147 0.000 24.848 262.635 1.688 29.381 289.709 0.810 0.000 90.136 0.000 0.024 0.039 0.000
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T = 20 days Site Type II
ADT = 70,000 veh/day Constituent A B Constituent A B

Area Type = II Lead 1.02E‐03 0.04 TPO4 2.25E‐03 ‐0.32
K (1) = 143.6 lb/mi‐day Copper 3.16E‐04 0.064 CL‐ 0.042 87
K (2) = 6.5 Zinc 5.84E‐04 0.103 Fe 1.96E‐02 ‐5

Design Freq. 2 Year TSS 0.63 ‐188 Cd 4.16E‐05 0.021
Rain Duration 24 hr VSS 0.152 13.5 Cr 4.30E‐05 0.036
Rain Volume 3.16 in TVS 0.263 243 Hg 2.44E‐06 1.01E‐06

r 0.13 in/hr TKN 5.46E‐03 1.28 0 0.00E+00 0
TOC 5.60E‐02 25.2 0 0 0
COD 0.193 275.3 0 0 0
TN 1.30E‐03 0.713 0 0.00E+00 0

Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (mi) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb)

i219 sinkhole 1557+00 0.087 0 250 144 0.187 0.109 0.187 0.000 35.345 280.797 2.065 33.248 303.037 0.900 0.003 93.036 0.000 0.027 0.042 0.000
i379 sinkhole 1570+00 0.304 0 873 502 0.552 0.223 0.396 128.374 89.832 375.074 4.022 53.322 372.221 1.366 0.810 108.092 4.843 0.042 0.058 0.001
i017 sinkhole 1573+00 0.259 0 744 428 0.476 0.199 0.353 81.542 78.532 355.523 3.616 49.159 357.874 1.269 0.643 104.969 3.386 0.039 0.054 0.001
i015 sinkhole 1577+00 0.167 0 480 276 0.321 0.151 0.264 0.000 55.432 315.554 2.786 40.649 328.543 1.072 0.301 98.587 0.407 0.032 0.048 0.001
i387 sinkhole 1579+00 0.020 0 57 33 0.074 0.074 0.122 0.000 18.522 251.689 1.460 27.050 281.676 0.756 0.000 88.388 0.000 0.022 0.037 0.000
i168 sinkhole 1586+00 0.328 0 942 542 0.593 0.235 0.419 153.351 95.858 385.501 4.238 55.542 379.873 1.417 0.899 109.757 5.620 0.044 0.059 0.001
i020 sinkhole 1591+00 0.237 0 681 392 0.439 0.188 0.332 58.647 73.008 345.965 3.418 47.124 350.860 1.222 0.561 103.443 2.673 0.037 0.053 0.001
i024 sinkhole 1596+00 0.100 0 287 165 0.208 0.116 0.199 0.000 38.609 286.445 2.182 34.451 307.182 0.928 0.052 93.938 0.000 0.028 0.043 0.000
i023 sinkhole 1597+00 0.095 0 273 157 0.200 0.114 0.195 0.000 37.354 284.273 2.137 33.988 305.588 0.917 0.033 93.591 0.000 0.028 0.043 0.000
i025 sinkhole 1599+00 0.180 0 517 297 0.343 0.158 0.277 0.000 58.696 321.201 2.903 41.851 332.687 1.100 0.349 99.488 0.828 0.033 0.049 0.001
i050 sinkhole 1605+00 0.086 0 247 142 0.185 0.109 0.186 0.000 35.094 280.363 2.056 33.156 302.718 0.898 0.000 92.967 0.000 0.027 0.042 0.000
i412 sinkhole 1715+00 0.077 0 221 127 0.170 0.104 0.177 0.000 32.834 276.453 1.974 32.323 299.849 0.878 0.000 92.342 0.000 0.026 0.041 0.000
i040 sinkhole 1777+00 0.357 0 1,025 590 0.642 0.250 0.447 183.531 103.139 398.100 4.500 58.225 389.118 1.480 1.007 111.769 6.559 0.046 0.061 0.001
i042 sinkhole 1780+00 0.106 0 304 175 0.219 0.119 0.205 0.000 40.116 289.052 2.236 35.006 309.095 0.941 0.074 94.354 0.000 0.028 0.044 0.000
i426 sinkhole 1790+00 0.150 0 431 248 0.293 0.142 0.248 0.000 51.164 308.168 2.633 39.076 323.123 1.035 0.238 97.407 0.000 0.031 0.047 0.001
i430 sinkhole 1800+00 0.168 0 483 278 0.323 0.152 0.265 0.000 55.683 315.988 2.795 40.741 328.862 1.074 0.304 98.656 0.439 0.033 0.048 0.001
i044 sinkhole 1680+00 0.072 0 207 119 0.161 0.102 0.172 0.000 31.579 274.281 1.929 31.861 298.255 0.868 0.000 91.995 0.000 0.026 0.041 0.000
b182 sinkhole 1869+00 0.015 0 43 25 0.065 0.072 0.117 0.000 17.266 249.517 1.415 26.588 280.082 0.745 0.000 88.041 0.000 0.022 0.037 0.000
i205 sinkhole 1869+00 0.020 0 57 33 0.074 0.074 0.122 0.000 18.522 251.689 1.460 27.050 281.676 0.756 0.000 88.388 0.000 0.022 0.037 0.000
i116 sinkhole 1905+00 0.242 0 695 400 0.448 0.190 0.336 63.850 74.264 348.138 3.463 47.587 352.454 1.233 0.579 103.790 2.835 0.038 0.053 0.001
i174 sinkhole 1936+00 0.129 0 371 213 0.257 0.131 0.227 0.000 45.891 299.044 2.444 37.133 316.428 0.990 0.159 95.950 0.000 0.030 0.045 0.001
i229 sinkhole 2122+00 0.048 0 138 79 0.121 0.089 0.149 0.000 25.552 263.854 1.713 29.640 290.603 0.816 0.000 90.330 0.000 0.024 0.039 0.000
i252 sinkhole 2129+00 0.037 0 106 61 0.102 0.083 0.139 0.000 22.790 259.075 1.614 28.623 287.096 0.792 0.000 89.567 0.000 0.024 0.039 0.000
i192 sinkhole 2131+00 0.169 0 485 279 0.325 0.152 0.266 0.000 55.934 316.423 2.804 40.834 329.180 1.076 0.308 98.725 0.472 0.033 0.048 0.001
i269 sinkhole 2145+50 0.036 0 103 59 0.101 0.083 0.138 0.000 22.539 258.640 1.605 28.530 286.777 0.790 0.000 89.498 0.000 0.023 0.039 0.000
i471 sinkhole 2149+00 0.032 0 92 53 0.094 0.081 0.134 0.000 21.535 256.902 1.569 28.160 285.502 0.782 0.000 89.220 0.000 0.023 0.038 0.000
i048 sinkhole 2153+00 0.053 0 152 88 0.129 0.092 0.154 0.000 26.808 266.026 1.758 30.103 292.197 0.827 0.000 90.677 0.000 0.025 0.040 0.000
i054 sinkhole 2155+00 0.133 0 382 220 0.264 0.133 0.231 0.000 46.895 300.782 2.480 37.503 317.703 0.999 0.174 96.228 0.000 0.030 0.045 0.001
i075 sinkhole 2185+00 0.211 0 606 349 0.396 0.174 0.307 31.589 66.480 334.670 3.183 44.719 342.571 1.166 0.464 101.639 1.832 0.035 0.051 0.001
i055 sinkhole 2192+50 0.081 0 233 134 0.176 0.106 0.181 0.000 33.838 278.191 2.011 32.693 301.124 0.887 0.000 92.620 0.000 0.027 0.042 0.000
i084 sinkhole 2197+00 0.081 0 233 134 0.176 0.106 0.181 0.000 33.838 278.191 2.011 32.693 301.124 0.887 0.000 92.620 0.000 0.027 0.042 0.000
i064 sinkhole 2208+00 0.074 0 213 122 0.165 0.103 0.174 0.000 32.081 275.150 1.947 32.046 298.893 0.872 0.000 92.134 0.000 0.026 0.041 0.000
i194 sinkhole 2244+00 0.011 0 32 18 0.059 0.070 0.114 0.000 16.262 247.779 1.379 26.218 278.807 0.737 0.000 87.763 0.000 0.022 0.037 0.000
b03 Buried Sink 1652+50 0.085 0 244 140 0.183 0.108 0.185 0.000 34.843 279.928 2.047 33.063 302.400 0.896 0.000 92.897 0.000 0.027 0.042 0.000
b06 Buried Sink 1672+00 0.070 0 201 116 0.158 0.101 0.171 0.000 31.076 273.412 1.911 31.675 297.617 0.863 0.000 91.857 0.000 0.026 0.041 0.000
b07 Buried Sink 1672+00 0.040 0 115 66 0.107 0.085 0.142 0.000 23.544 260.378 1.641 28.900 288.053 0.799 0.000 89.775 0.000 0.024 0.039 0.000
b08 Buried Sink 1675+00 0.052 0 149 86 0.128 0.091 0.153 0.000 26.557 265.592 1.749 30.010 291.879 0.825 0.000 90.608 0.000 0.025 0.040 0.000
b09 Buried Sink 1675+00 0.057 0 164 94 0.136 0.094 0.158 0.000 27.812 267.764 1.794 30.473 293.473 0.835 0.000 90.955 0.000 0.025 0.040 0.000
b10 Buried Sink 1677+00 0.068 0 195 112 0.155 0.099 0.169 0.000 30.574 272.543 1.893 31.490 296.980 0.859 0.000 91.718 0.000 0.026 0.041 0.000
b12 Buried Sink 1681+00 0.075 0 215 124 0.166 0.103 0.175 0.000 32.332 275.584 1.956 32.138 299.211 0.874 0.000 92.204 0.000 0.026 0.041 0.000
b15 Buried Sink 1685+00 0.058 0 167 96 0.138 0.094 0.159 0.000 28.063 268.198 1.803 30.565 293.791 0.838 0.000 91.024 0.000 0.025 0.040 0.000
b16 Buried Sink 1694+00 0.119 0 342 197 0.241 0.126 0.218 0.000 43.380 294.700 2.353 36.208 313.239 0.969 0.122 95.256 0.000 0.029 0.044 0.000
b17 Buried Sink 1695+00 0.062 0 178 102 0.144 0.096 0.163 0.000 29.068 269.936 1.839 30.935 295.067 0.846 0.000 91.302 0.000 0.025 0.040 0.000
b18 Buried Sink 1697+00 0.044 0 126 73 0.114 0.087 0.145 0.000 24.548 262.116 1.677 29.270 289.328 0.807 0.000 90.053 0.000 0.024 0.039 0.000
b19 Buried Sink 1717+00 0.084 0 241 139 0.182 0.108 0.184 0.000 34.592 279.494 2.038 32.971 302.081 0.893 0.000 92.828 0.000 0.027 0.042 0.000
b20 Buried Sink 1787+00 0.057 0 164 94 0.136 0.094 0.158 0.000 27.812 267.764 1.794 30.473 293.473 0.835 0.000 90.955 0.000 0.025 0.040 0.000
b21 Buried Sink 1813+00 0.058 0 167 96 0.138 0.094 0.159 0.000 28.063 268.198 1.803 30.565 293.791 0.838 0.000 91.024 0.000 0.025 0.040 0.000
sp025 Spring 1583+75 0.040 0 115 66 0.107 0.085 0.142 0.000 23.544 260.378 1.641 28.900 288.053 0.799 0.000 89.775 0.000 0.024 0.039 0.000

ID Type
Approx. Station

Length of R/W in 
Drainage Area

Initial TS Load before 
Event (Po)

Runoff rate

TS Load after Event 
(P)

TS Load at Discharge  
(Pd)

Mass Load per Rain Event (Highway)

Pollutant accumulation rate
Wash‐off coefficient for  urban areas (Type II)
Design event
Rainfall duration
Volume of design event rainfall (NOAA)

INPUT FOR TABLE #1 AND TABLE #2 Table 1 Regression Equations

Table #1‐6:  2‐Year/24‐Hour Pollutant Mass Loading of Karst Features for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

Days between events, 20 days is maximum
Current ADT 
Urban area

USS I‐69 Refined Preferred Alternative 8_Proposed Conditions_Section 5 Karst Calculations.xlsx
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sp026 Spring 1584+00 0.040 0 115 66 0.107 0.085 0.142 0.000 23.544 260.378 1.641 28.900 288.053 0.799 0.000 89.775 0.000 0.024 0.039 0.000
sp028 Spring 1586+00 0.040 0 115 66 0.107 0.085 0.142 0.000 23.544 260.378 1.641 28.900 288.053 0.799 0.000 89.775 0.000 0.024 0.039 0.000
sp032 Spring 1632+00 0.076 0 218 126 0.168 0.104 0.176 0.000 32.583 276.018 1.965 32.231 299.530 0.876 0.000 92.273 0.000 0.026 0.041 0.000
sp083 Spring 1939+50 0.047 0 135 78 0.119 0.089 0.148 0.000 25.301 263.419 1.704 29.548 290.284 0.814 0.000 90.261 0.000 0.024 0.039 0.000
sp112 Spring 2110+00 0.079 0 227 131 0.173 0.105 0.179 0.000 33.336 277.322 1.993 32.508 300.487 0.883 0.000 92.481 0.000 0.026 0.042 0.000
sp122 Spring 2140+00 0.229 0 658 378 0.426 0.184 0.324 50.321 71.000 342.490 3.345 46.384 348.310 1.205 0.531 102.888 2.414 0.037 0.052 0.001
sp124 Spring 2145+00 0.057 0 164 94 0.136 0.094 0.158 0.000 27.812 267.764 1.794 30.473 293.473 0.835 0.000 90.955 0.000 0.025 0.040 0.000
sp128 Spring 2150+00 0.254 0 730 420 0.468 0.197 0.348 76.339 77.277 353.351 3.571 48.697 356.280 1.258 0.624 104.623 3.224 0.038 0.054 0.001
sp136 Spring 2161+50 0.026 0 75 43 0.084 0.078 0.128 0.000 20.028 254.296 1.515 27.605 283.589 0.769 0.000 88.804 0.000 0.023 0.038 0.000
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T = 20 days Site Type II
ADT = 70,000 veh/day Constituent A B Constituent A B

Area Type = II Lead 1.02E‐03 0.04 TPO4 2.25E‐03 ‐0.32
K (1) = 143.6 lb/mi‐day Copper 3.16E‐04 0.064 CL‐ 0.042 87
K (2) = 6.5 Zinc 5.84E‐04 0.103 Fe 1.96E‐02 ‐5

Design Freq. 5 Year TSS 0.63 ‐188 Cd 4.16E‐05 0.021
Rain Duration 24 hr VSS 0.152 13.5 Cr 4.30E‐05 0.036
Rain Volume 3.92 in TVS 0.263 243 Hg 2.44E‐06 1.01E‐06

r 0.16 in/hr TKN 5.46E‐03 1.28 0 0.00E+00 0
TOC 5.60E‐02 25.2 0 0 0
COD 0.193 275.3 0 0 0
TN 1.30E‐03 0.713 0 0.00E+00 0

Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (mi) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb)

i219 sinkhole 1557+00 0.087 0 250 163 0.207 0.116 0.198 0.000 38.348 285.993 2.173 34.354 306.850 0.926 0.048 93.866 0.000 0.028 0.043 0.000
i379 sinkhole 1570+00 0.304 0 873 571 0.623 0.245 0.437 171.863 100.324 393.229 4.399 57.188 385.544 1.456 0.965 110.991 6.196 0.045 0.061 0.001
i017 sinkhole 1573+00 0.259 0 744 487 0.536 0.218 0.387 118.594 87.472 370.991 3.937 52.453 369.225 1.346 0.775 107.440 4.538 0.041 0.057 0.001
i015 sinkhole 1577+00 0.167 0 480 314 0.360 0.163 0.286 9.688 61.196 325.527 2.993 42.772 335.862 1.121 0.386 100.179 1.150 0.034 0.049 0.001
i387 sinkhole 1579+00 0.020 0 57 38 0.078 0.076 0.125 0.000 19.212 252.883 1.485 27.304 282.553 0.762 0.000 88.578 0.000 0.023 0.038 0.000
i168 sinkhole 1586+00 0.328 0 942 616 0.669 0.259 0.463 200.274 107.179 405.089 4.645 59.713 394.247 1.514 1.067 112.885 7.080 0.047 0.063 0.002
i020 sinkhole 1591+00 0.237 0 681 445 0.494 0.205 0.363 92.551 81.189 360.119 3.711 50.138 361.247 1.292 0.682 105.703 3.728 0.040 0.055 0.001
i024 sinkhole 1596+00 0.100 0 287 188 0.232 0.123 0.213 0.000 42.061 292.417 2.306 35.722 311.564 0.957 0.103 94.892 0.000 0.029 0.044 0.000
i023 sinkhole 1597+00 0.095 0 273 179 0.222 0.120 0.207 0.000 40.633 289.946 2.255 35.196 309.751 0.945 0.082 94.497 0.000 0.028 0.044 0.000
i025 sinkhole 1599+00 0.180 0 517 338 0.385 0.171 0.301 25.077 64.909 331.951 3.127 44.140 340.576 1.153 0.441 101.205 1.629 0.035 0.051 0.001
i050 sinkhole 1605+00 0.086 0 247 162 0.205 0.115 0.197 0.000 38.062 285.499 2.162 34.249 306.487 0.923 0.044 93.787 0.000 0.028 0.043 0.000
i412 sinkhole 1715+00 0.077 0 221 145 0.188 0.110 0.187 0.000 35.492 281.051 2.070 33.302 303.224 0.901 0.006 93.077 0.000 0.027 0.042 0.000
i040 sinkhole 1777+00 0.357 0 1,025 671 0.724 0.276 0.495 234.603 115.461 419.420 4.943 62.765 404.764 1.585 1.189 115.174 8.148 0.049 0.065 0.002
i042 sinkhole 1780+00 0.106 0 304 199 0.243 0.127 0.219 0.000 43.774 295.382 2.367 36.354 313.740 0.972 0.128 95.365 0.000 0.029 0.045 0.000
i426 sinkhole 1790+00 0.150 0 431 282 0.327 0.153 0.268 0.000 56.341 317.126 2.819 40.983 329.697 1.079 0.314 98.838 0.524 0.033 0.048 0.001
i430 sinkhole 1800+00 0.168 0 483 316 0.362 0.164 0.287 10.872 61.482 326.021 3.004 42.877 336.224 1.123 0.390 100.258 1.187 0.034 0.050 0.001
i044 sinkhole 1680+00 0.072 0 207 135 0.178 0.107 0.182 0.000 34.064 278.580 2.019 32.776 301.410 0.889 0.000 92.682 0.000 0.027 0.042 0.000
b182 sinkhole 1869+00 0.015 0 43 28 0.069 0.073 0.119 0.000 17.784 250.413 1.434 26.778 280.740 0.750 0.000 88.184 0.000 0.022 0.037 0.000
i205 sinkhole 1869+00 0.020 0 57 38 0.078 0.076 0.125 0.000 19.212 252.883 1.485 27.304 282.553 0.762 0.000 88.578 0.000 0.023 0.038 0.000
i116 sinkhole 1905+00 0.242 0 695 455 0.504 0.208 0.369 98.470 82.617 362.590 3.763 50.664 363.060 1.304 0.703 106.098 3.912 0.040 0.056 0.001
i174 sinkhole 1936+00 0.129 0 371 242 0.287 0.141 0.245 0.000 50.343 306.748 2.603 38.774 322.081 1.028 0.225 97.180 0.000 0.031 0.046 0.001
i229 sinkhole 2122+00 0.048 0 138 90 0.132 0.093 0.156 0.000 27.209 266.720 1.772 30.251 292.707 0.830 0.000 90.788 0.000 0.025 0.040 0.000
i252 sinkhole 2129+00 0.037 0 106 70 0.111 0.086 0.144 0.000 24.067 261.284 1.660 29.093 288.718 0.803 0.000 89.920 0.000 0.024 0.039 0.000
i192 sinkhole 2131+00 0.169 0 485 318 0.364 0.164 0.288 12.056 61.767 326.515 3.014 42.983 336.587 1.126 0.394 100.337 1.224 0.034 0.050 0.001
i269 sinkhole 2145+50 0.036 0 103 68 0.109 0.085 0.143 0.000 23.782 260.790 1.649 28.988 288.355 0.801 0.000 89.841 0.000 0.024 0.039 0.000
i471 sinkhole 2149+00 0.032 0 92 60 0.101 0.083 0.138 0.000 22.639 258.814 1.608 28.567 286.905 0.791 0.000 89.525 0.000 0.024 0.039 0.000
i048 sinkhole 2153+00 0.053 0 152 100 0.142 0.095 0.161 0.000 28.637 269.191 1.824 30.777 294.520 0.842 0.000 91.183 0.000 0.025 0.040 0.000
i054 sinkhole 2155+00 0.133 0 382 250 0.295 0.143 0.249 0.000 51.486 308.725 2.644 39.195 323.532 1.038 0.242 97.496 0.000 0.031 0.047 0.001
i075 sinkhole 2185+00 0.211 0 606 396 0.444 0.189 0.335 61.774 73.763 347.271 3.445 47.402 351.818 1.228 0.572 103.652 2.771 0.037 0.053 0.001
i055 sinkhole 2192+50 0.081 0 233 152 0.195 0.112 0.192 0.000 36.634 283.028 2.111 33.723 304.674 0.911 0.022 93.392 0.000 0.027 0.043 0.000
i084 sinkhole 2197+00 0.081 0 233 152 0.195 0.112 0.192 0.000 36.634 283.028 2.111 33.723 304.674 0.911 0.022 93.392 0.000 0.027 0.043 0.000
i064 sinkhole 2208+00 0.074 0 213 139 0.182 0.108 0.184 0.000 34.635 279.569 2.039 32.987 302.136 0.894 0.000 92.840 0.000 0.027 0.042 0.000
i194 sinkhole 2244+00 0.011 0 32 21 0.061 0.071 0.115 0.000 16.642 248.436 1.393 26.357 279.289 0.740 0.000 87.868 0.000 0.022 0.037 0.000
b03 Buried Sink 1652+50 0.085 0 244 160 0.203 0.114 0.196 0.000 37.776 285.005 2.152 34.144 306.125 0.921 0.039 93.708 0.000 0.028 0.043 0.000
b06 Buried Sink 1672+00 0.070 0 201 132 0.174 0.106 0.180 0.000 33.492 277.592 1.998 32.566 300.685 0.884 0.000 92.524 0.000 0.026 0.042 0.000
b07 Buried Sink 1672+00 0.040 0 115 75 0.117 0.088 0.147 0.000 24.924 262.767 1.690 29.409 289.806 0.811 0.000 90.157 0.000 0.024 0.039 0.000
b08 Buried Sink 1675+00 0.052 0 149 98 0.140 0.095 0.160 0.000 28.352 268.697 1.813 30.672 294.158 0.840 0.000 91.104 0.000 0.025 0.040 0.000
b09 Buried Sink 1675+00 0.057 0 164 107 0.149 0.098 0.166 0.000 29.780 271.168 1.865 31.198 295.971 0.852 0.000 91.498 0.000 0.025 0.041 0.000
b10 Buried Sink 1677+00 0.068 0 195 128 0.170 0.104 0.178 0.000 32.921 276.604 1.978 32.355 299.960 0.879 0.000 92.366 0.000 0.026 0.041 0.000
b12 Buried Sink 1681+00 0.075 0 215 141 0.184 0.109 0.185 0.000 34.920 280.063 2.049 33.092 302.498 0.896 0.000 92.919 0.000 0.027 0.042 0.000
b15 Buried Sink 1685+00 0.058 0 167 109 0.151 0.098 0.167 0.000 30.065 271.662 1.875 31.303 296.333 0.855 0.000 91.577 0.000 0.026 0.041 0.000
b16 Buried Sink 1694+00 0.119 0 342 224 0.268 0.135 0.234 0.000 47.487 301.807 2.501 37.722 318.455 1.004 0.183 96.391 0.000 0.030 0.046 0.001
b17 Buried Sink 1695+00 0.062 0 178 116 0.159 0.101 0.171 0.000 31.208 273.639 1.916 31.724 297.784 0.864 0.000 91.893 0.000 0.026 0.041 0.000
b18 Buried Sink 1697+00 0.044 0 126 83 0.124 0.090 0.151 0.000 26.067 264.744 1.731 29.830 291.256 0.820 0.000 90.472 0.000 0.024 0.040 0.000
b19 Buried Sink 1717+00 0.084 0 241 158 0.201 0.114 0.195 0.000 37.491 284.511 2.142 34.039 305.762 0.918 0.035 93.629 0.000 0.028 0.043 0.000
b20 Buried Sink 1787+00 0.057 0 164 107 0.149 0.098 0.166 0.000 29.780 271.168 1.865 31.198 295.971 0.852 0.000 91.498 0.000 0.025 0.041 0.000
b21 Buried Sink 1813+00 0.058 0 167 109 0.151 0.098 0.167 0.000 30.065 271.662 1.875 31.303 296.333 0.855 0.000 91.577 0.000 0.026 0.041 0.000
sp025 Spring 1583+75 0.040 0 115 75 0.117 0.088 0.147 0.000 24.924 262.767 1.690 29.409 289.806 0.811 0.000 90.157 0.000 0.024 0.039 0.000

ID Type
Approx. Station

Length of R/W in 
Drainage Area

Initial TS Load before 
Event (Po)

Runoff rate

TS Load after Event 
(P)

TS Load at Discharge  
(Pd)

Mass Load per Rain Event (Highway)

Pollutant accumulation rate
Wash‐off coefficient for  urban areas (Type II)
Design event
Rainfall duration
Volume of design event rainfall (NOAA)

INPUT FOR TABLE #1 AND TABLE #2 Table 1 Regression Equations

Table #1‐7:  5‐Year/24‐Hour Pollutant Mass Loading of Karst Features for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

Days between events, 20 days is maximum
Current ADT 
Urban area
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sp026 Spring 1584+00 0.040 0 115 75 0.117 0.088 0.147 0.000 24.924 262.767 1.690 29.409 289.806 0.811 0.000 90.157 0.000 0.024 0.039 0.000
sp028 Spring 1586+00 0.040 0 115 75 0.117 0.088 0.147 0.000 24.924 262.767 1.690 29.409 289.806 0.811 0.000 90.157 0.000 0.024 0.039 0.000
sp032 Spring 1632+00 0.076 0 218 143 0.186 0.109 0.186 0.000 35.206 280.557 2.060 33.197 302.861 0.899 0.001 92.998 0.000 0.027 0.042 0.000
sp083 Spring 1939+50 0.047 0 135 88 0.130 0.092 0.155 0.000 26.923 266.226 1.762 30.145 292.344 0.828 0.000 90.709 0.000 0.025 0.040 0.000
sp112 Spring 2110+00 0.079 0 227 148 0.191 0.111 0.190 0.000 36.063 282.040 2.090 33.513 303.949 0.906 0.014 93.234 0.000 0.027 0.042 0.000
sp122 Spring 2140+00 0.229 0 658 430 0.479 0.200 0.354 83.081 78.904 356.166 3.629 49.296 358.346 1.272 0.648 105.072 3.434 0.039 0.055 0.001
sp124 Spring 2145+00 0.057 0 164 107 0.149 0.098 0.166 0.000 29.780 271.168 1.865 31.198 295.971 0.852 0.000 91.498 0.000 0.025 0.041 0.000
sp128 Spring 2150+00 0.254 0 730 477 0.527 0.215 0.382 112.675 86.044 368.520 3.886 51.927 367.412 1.333 0.754 107.045 4.354 0.041 0.057 0.001
sp136 Spring 2161+50 0.026 0 75 49 0.090 0.079 0.132 0.000 20.926 255.849 1.547 27.936 284.729 0.777 0.000 89.052 0.000 0.023 0.038 0.000
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T = 20 days Site Type II
ADT = 70,000 veh/day Constituent A B Constituent A B

Area Type = II 0 Lead 1.02E‐03 0.04 TPO4 2.25E‐03 ‐0.32
K (1) = 143.6 lb/mi‐day Copper 3.16E‐04 0.064 CL‐ 0.042 87
K (2) = 6.5 0 Zinc 5.84E‐04 0.103 Fe 1.96E‐02 ‐5

Design Freq. 50 Year TSS 0.63 ‐188 Cd 4.16E‐05 0.021
Rain Duration 0.17 hr VSS 0.152 13.5 Cr 4.30E‐05 0.036
Rain Volume 1.20 in TVS 0.263 243 Hg 2.44E‐06 1.01E‐06

r 7.20 in/hr TKN 5.46E‐03 1.28 0 0.00E+00 0
TOC 5.60E‐02 25.2 0 0 0
COD 0.193 275.3 0 0 0
TN 1.30E‐03 0.713 0 0.00E+00 0

Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (mi) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb) (lb)

i219 sinkhole 1557+00 0.087 0 250 250 0.295 0.143 0.249 0.000 51.486 308.726 2.645 39.195 323.533 1.038 0.242 97.496 0.000 0.031 0.047 0.001
i379 sinkhole 1570+00 0.304 0 873 873 0.931 0.340 0.613 362.148 146.234 472.665 6.048 74.102 443.837 1.848 1.645 123.677 12.116 0.057 0.074 0.002
i017 sinkhole 1573+00 0.259 0 744 744 0.799 0.299 0.537 280.711 126.586 438.668 5.342 66.863 418.889 1.680 1.354 118.247 9.582 0.052 0.068 0.002
i015 sinkhole 1577+00 0.167 0 480 480 0.529 0.216 0.383 114.219 86.416 369.165 3.899 52.064 367.885 1.337 0.759 107.148 4.402 0.041 0.057 0.001
i387 sinkhole 1579+00 0.020 0 57 57 0.099 0.082 0.137 0.000 22.233 258.110 1.594 28.417 286.388 0.788 0.000 89.413 0.000 0.023 0.038 0.000
i168 sinkhole 1586+00 0.328 0 942 942 1.001 0.362 0.653 405.581 156.713 490.796 6.424 77.963 457.143 1.938 1.800 126.572 13.467 0.060 0.077 0.002
i020 sinkhole 1591+00 0.237 0 681 681 0.734 0.279 0.501 240.898 116.980 422.048 4.997 63.324 406.693 1.598 1.212 115.593 8.343 0.049 0.065 0.002
i024 sinkhole 1596+00 0.100 0 287 287 0.333 0.155 0.271 0.000 57.163 318.548 2.848 41.286 330.740 1.086 0.326 99.065 0.630 0.033 0.048 0.001
i023 sinkhole 1597+00 0.095 0 273 273 0.318 0.150 0.262 0.000 54.979 314.770 2.770 40.482 327.968 1.068 0.294 98.461 0.349 0.032 0.048 0.001
i025 sinkhole 1599+00 0.180 0 517 517 0.567 0.227 0.405 137.745 92.093 378.986 4.103 54.155 375.092 1.385 0.843 108.716 5.134 0.043 0.058 0.001
i050 sinkhole 1605+00 0.086 0 247 247 0.292 0.142 0.247 0.000 51.050 307.971 2.629 39.034 322.978 1.034 0.236 97.376 0.000 0.031 0.047 0.001
i412 sinkhole 1715+00 0.077 0 221 221 0.266 0.134 0.232 0.000 47.120 301.172 2.488 37.586 317.989 1.001 0.178 96.290 0.000 0.030 0.046 0.001
i040 sinkhole 1777+00 0.357 0 1,025 1,025 1.086 0.388 0.702 458.062 169.375 512.705 6.879 82.628 473.221 2.046 1.987 130.071 15.100 0.064 0.080 0.003
i042 sinkhole 1780+00 0.106 0 304 304 0.351 0.160 0.281 3.828 59.782 323.081 2.943 42.251 334.066 1.109 0.365 99.789 0.968 0.034 0.049 0.001
i426 sinkhole 1790+00 0.150 0 431 431 0.479 0.200 0.355 83.455 78.994 356.321 3.633 49.329 358.460 1.273 0.649 105.097 3.445 0.039 0.055 0.001
i430 sinkhole 1800+00 0.168 0 483 483 0.532 0.216 0.385 116.029 86.853 369.920 3.915 52.225 368.439 1.340 0.766 107.269 4.459 0.041 0.057 0.001
i044 sinkhole 1680+00 0.072 0 207 207 0.251 0.129 0.224 0.000 44.937 297.394 2.409 36.782 315.217 0.982 0.145 95.687 0.000 0.030 0.045 0.001
b182 sinkhole 1869+00 0.015 0 43 43 0.084 0.078 0.128 0.000 20.049 254.332 1.515 27.613 283.616 0.769 0.000 88.810 0.000 0.023 0.038 0.000
i205 sinkhole 1869+00 0.020 0 57 57 0.099 0.082 0.137 0.000 22.233 258.110 1.594 28.417 286.388 0.788 0.000 89.413 0.000 0.023 0.038 0.000
i116 sinkhole 1905+00 0.242 0 695 695 0.749 0.284 0.509 249.947 119.163 425.825 5.076 64.129 409.465 1.617 1.244 116.196 8.625 0.050 0.066 0.002
i174 sinkhole 1936+00 0.129 0 371 371 0.418 0.181 0.319 45.451 69.825 340.456 3.303 45.951 346.817 1.195 0.514 102.563 2.263 0.036 0.052 0.001
i229 sinkhole 2122+00 0.048 0 138 138 0.181 0.108 0.184 0.000 34.458 279.263 2.033 32.921 301.911 0.892 0.000 92.791 0.000 0.027 0.042 0.000
i252 sinkhole 2129+00 0.037 0 106 106 0.148 0.098 0.165 0.000 29.655 270.953 1.860 31.152 295.813 0.851 0.000 91.464 0.000 0.025 0.041 0.000
i192 sinkhole 2131+00 0.169 0 485 485 0.535 0.217 0.387 117.839 87.290 370.676 3.931 52.386 368.993 1.344 0.772 107.389 4.515 0.041 0.057 0.001
i269 sinkhole 2145+50 0.036 0 103 103 0.145 0.097 0.163 0.000 29.219 270.197 1.845 30.991 295.258 0.847 0.000 91.343 0.000 0.025 0.040 0.000
i471 sinkhole 2149+00 0.032 0 92 92 0.134 0.093 0.157 0.000 27.472 267.175 1.782 30.348 293.041 0.832 0.000 90.861 0.000 0.025 0.040 0.000
i048 sinkhole 2153+00 0.053 0 152 152 0.195 0.112 0.192 0.000 36.641 283.040 2.111 33.726 304.683 0.911 0.023 93.394 0.000 0.027 0.043 0.000
i054 sinkhole 2155+00 0.133 0 382 382 0.430 0.185 0.326 52.690 71.571 343.478 3.366 46.595 349.035 1.210 0.540 103.046 2.488 0.037 0.052 0.001
i075 sinkhole 2185+00 0.211 0 606 606 0.658 0.256 0.457 193.846 105.628 402.406 4.589 59.142 392.278 1.501 1.044 112.456 6.880 0.046 0.062 0.001
i055 sinkhole 2192+50 0.081 0 233 233 0.277 0.138 0.239 0.000 48.867 304.194 2.550 38.230 320.206 1.015 0.204 96.772 0.000 0.031 0.046 0.001
i084 sinkhole 2197+00 0.081 0 233 233 0.277 0.138 0.239 0.000 48.867 304.194 2.550 38.230 320.206 1.015 0.204 96.772 0.000 0.031 0.046 0.001
i064 sinkhole 2208+00 0.074 0 213 213 0.257 0.131 0.227 0.000 45.810 298.905 2.441 37.104 316.326 0.989 0.158 95.928 0.000 0.030 0.045 0.001
i194 sinkhole 2244+00 0.011 0 32 32 0.072 0.074 0.121 0.000 18.303 251.310 1.453 26.969 281.398 0.754 0.000 88.327 0.000 0.022 0.037 0.000
b03 Buried Sink 1652+50 0.085 0 244 244 0.289 0.141 0.246 0.000 50.613 307.216 2.613 38.873 322.424 1.030 0.229 97.255 0.000 0.031 0.046 0.001
b06 Buried Sink 1672+00 0.070 0 201 201 0.245 0.128 0.220 0.000 44.064 295.883 2.378 36.460 314.108 0.974 0.132 95.445 0.000 0.029 0.045 0.000
b07 Buried Sink 1672+00 0.040 0 115 115 0.157 0.100 0.170 0.000 30.965 273.219 1.907 31.634 297.476 0.862 0.000 91.826 0.000 0.026 0.041 0.000
b08 Buried Sink 1675+00 0.052 0 149 149 0.192 0.111 0.190 0.000 36.205 282.285 2.096 33.565 304.129 0.907 0.016 93.274 0.000 0.027 0.042 0.000
b09 Buried Sink 1675+00 0.057 0 164 164 0.207 0.116 0.199 0.000 38.388 286.062 2.174 34.369 306.901 0.926 0.048 93.877 0.000 0.028 0.043 0.000
b10 Buried Sink 1677+00 0.068 0 195 195 0.239 0.126 0.217 0.000 43.191 294.372 2.347 36.139 312.999 0.967 0.119 95.204 0.000 0.029 0.044 0.000
b12 Buried Sink 1681+00 0.075 0 215 215 0.260 0.132 0.229 0.000 46.247 299.661 2.456 37.265 316.880 0.993 0.165 96.048 0.000 0.030 0.045 0.001
b15 Buried Sink 1685+00 0.058 0 167 167 0.210 0.117 0.200 0.000 38.824 286.818 2.190 34.530 307.455 0.930 0.055 93.997 0.000 0.028 0.043 0.000
b16 Buried Sink 1694+00 0.119 0 342 342 0.389 0.172 0.303 27.354 65.458 332.902 3.146 44.343 341.274 1.157 0.449 101.357 1.700 0.035 0.051 0.001
b17 Buried Sink 1695+00 0.062 0 178 178 0.222 0.120 0.207 0.000 40.571 289.840 2.252 35.173 309.673 0.945 0.081 94.480 0.000 0.028 0.044 0.000
b18 Buried Sink 1697+00 0.044 0 126 126 0.169 0.104 0.177 0.000 32.712 276.241 1.970 32.278 299.694 0.877 0.000 92.308 0.000 0.026 0.041 0.000
b19 Buried Sink 1717+00 0.084 0 241 241 0.286 0.140 0.244 0.000 50.177 306.460 2.597 38.712 321.870 1.027 0.223 97.134 0.000 0.031 0.046 0.001
b20 Buried Sink 1787+00 0.057 0 164 164 0.207 0.116 0.199 0.000 38.388 286.062 2.174 34.369 306.901 0.926 0.048 93.877 0.000 0.028 0.043 0.000
b21 Buried Sink 1813+00 0.058 0 167 167 0.210 0.117 0.200 0.000 38.824 286.818 2.190 34.530 307.455 0.930 0.055 93.997 0.000 0.028 0.043 0.000
sp025 Spring 1583+75 0.040 0 115 115 0.157 0.100 0.170 0.000 30.965 273.219 1.907 31.634 297.476 0.862 0.000 91.826 0.000 0.026 0.041 0.000

INPUT FOR TABLE #1 AND TABLE #2 Table 1 Regression Equations
Days between events, 20 days is maximum
Current ADT 
Urban area
Pollutant accumulation rate
Wash‐off coefficient for  urban areas (Type II)
Design event
Rainfall duration
Volume of design event rainfall (NOAA)
Runoff rate

Table #1‐8:  50‐Year/10‐Min Pollutant Mass Loading of Karst Features for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

ID Type
Approx. Station

Length of R/W in 
Drainage Area

Initial TS Load before 
Event (Po)

TS Load after Event 
(P)

TS Load at Discharge  
(Pd)

Mass Load per Rain Event (Highway)
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sp026 Spring 1584+00 0.040 0 115 115 0.157 0.100 0.170 0.000 30.965 273.219 1.907 31.634 297.476 0.862 0.000 91.826 0.000 0.026 0.041 0.000
sp028 Spring 1586+00 0.040 0 115 115 0.157 0.100 0.170 0.000 30.965 273.219 1.907 31.634 297.476 0.862 0.000 91.826 0.000 0.026 0.041 0.000
sp032 Spring 1632+00 0.076 0 218 218 0.263 0.133 0.230 0.000 46.684 300.416 2.472 37.426 317.434 0.997 0.171 96.169 0.000 0.030 0.045 0.001
sp083 Spring 1939+50 0.047 0 135 135 0.178 0.107 0.182 0.000 34.021 278.507 2.017 32.761 301.357 0.889 0.000 92.670 0.000 0.027 0.042 0.000
sp112 Spring 2110+00 0.079 0 227 227 0.271 0.136 0.236 0.000 47.993 302.683 2.519 37.908 319.098 1.008 0.191 96.531 0.000 0.030 0.046 0.001
sp122 Spring 2140+00 0.229 0 658 658 0.711 0.272 0.487 226.421 113.487 416.004 4.872 62.037 402.257 1.568 1.160 114.628 7.893 0.048 0.064 0.002
sp124 Spring 2145+00 0.057 0 164 164 0.207 0.116 0.199 0.000 38.388 286.062 2.174 34.369 306.901 0.926 0.048 93.877 0.000 0.028 0.043 0.000
sp128 Spring 2150+00 0.254 0 730 730 0.784 0.295 0.529 271.663 124.403 434.891 5.264 66.059 416.117 1.662 1.322 117.644 9.301 0.051 0.067 0.002
sp136 Spring 2161+50 0.026 0 75 75 0.116 0.088 0.147 0.000 24.852 262.642 1.688 29.382 289.714 0.810 0.000 90.137 0.000 0.024 0.039 0.000
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Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (acres) (cf) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

i168 sinkhole 1590+00 5.521 24,250 0.386 0.154 0.274 97.711 62.496 253.377 2.771 36.400 250.066 0.930 0.581 72.332 3.601 0.029 0.039 0.001
i020 sinkhole 1590+00 0.583 2,561 2.847 1.205 2.132 426.482 471.483 2191.232 21.915 300.366 2215.303 7.774 3.724 651.731 18.584 0.237 0.335 0.006
i023 sinkhole 1598+00 2.239 9,836 0.293 0.175 0.298 0.000 55.991 454.975 3.307 53.604 491.986 1.453 0.000 151.231 0.000 0.044 0.068 0.001
i024 sinkhole 1595+00 0.488 2,143 1.752 0.929 1.602 0.000 317.429 2192.437 17.350 268.266 2334.410 7.185 0.810 710.676 0.000 0.216 0.331 0.003
i025 sinkhole 1600+00 2.240 9,839 0.583 0.265 0.464 13.563 99.203 529.631 4.859 69.515 546.723 1.822 0.621 163.129 1.806 0.055 0.081 0.001
i426 sinkhole 1788+00 2.591 11,382 0.475 0.220 0.385 0.000 81.449 450.365 4.046 58.503 467.120 1.538 0.473 139.818 1.006 0.047 0.068 0.001
i412 sinkhole 1715+00 0.659 2,895 1.131 0.636 1.092 0.000 210.379 1580.828 11.962 189.562 1697.328 5.110 0.234 519.447 0.000 0.153 0.238 0.002
i040 sinkhole 1778+00 9.851 43,269 0.253 0.098 0.175 77.562 40.527 151.523 1.750 22.427 147.134 0.568 0.407 42.059 2.728 0.018 0.023 0.001
i042 sinkhole 1780+00 1.807 7,937 0.542 0.272 0.472 0.000 95.955 609.792 5.053 76.217 643.422 2.028 0.370 194.752 0.000 0.061 0.092 0.001
i426 sinkhole 1788+00 1.210 5,313 1.031 0.475 0.832 0.000 176.450 968.272 8.738 126.059 1003.273 3.313 1.043 300.098 2.406 0.101 0.147 0.002
i192 sinkhole 2131+00 1.705 7,489 0.702 0.328 0.573 0.000 120.731 679.227 6.039 87.792 706.107 2.312 0.674 211.670 1.133 0.070 0.103 0.001
i430 sinkhole 1795+00 1.235 5,424 0.573 0.330 0.565 0.000 107.662 835.581 6.218 99.457 899.863 2.687 0.057 275.908 0.000 0.081 0.126 0.001
i044 sinkhole 1800+00 2.715 11,925 0.475 0.216 0.379 7.051 80.849 435.242 3.973 56.985 449.803 1.495 0.498 134.313 1.361 0.045 0.066 0.001
i182 sinkhole 1867+50 0.323 1,419 1.222 0.962 1.605 0.000 267.324 2945.149 18.589 327.106 3257.398 9.040 0.000 1015.064 0.000 0.269 0.439 0.002
i205 sinkhole 1868+00 0.561 2,464 0.470 0.481 0.790 0.000 119.063 1635.391 9.451 175.494 1831.221 4.907 0.000 574.801 0.000 0.145 0.243 0.001
i116 sinkhole 1905+00 2.353 10,335 0.737 0.309 0.546 125.387 121.576 551.150 5.601 76.174 554.924 1.967 0.993 162.793 5.218 0.060 0.084 0.002
i174 sinkhole 1936+00 1.210 5,315 0.809 0.406 0.705 0.000 143.370 910.781 7.549 113.849 960.971 3.029 0.554 290.861 0.000 0.091 0.138 0.002
i192 sinkhole 2132+00 1.705 7,489 0.701 0.328 0.573 0.000 120.642 679.056 6.036 87.757 705.972 2.311 0.673 211.639 1.123 0.070 0.103 0.001
i049 sinkhole 2185+00 6.772 29,745 0.220 0.096 0.169 21.431 36.902 182.262 1.754 24.500 186.032 0.638 0.266 55.088 1.124 0.019 0.028 0.000
i084 sinkhole 2197+00 0.426 1,871 1.187 0.810 1.366 0.000 241.492 2300.197 15.488 262.313 2519.080 7.186 0.000 780.359 0.000 0.214 0.344 0.002
i194 sinkhole 2244+00 0.857 3,764 1.015 0.534 0.922 0.000 183.374 1252.971 9.974 153.724 1332.608 4.114 0.500 405.403 0.000 0.124 0.189 0.002
b03 Buried Sink 1653+00 2.925 12,847 0.246 0.141 0.241 0.000 46.024 353.782 2.646 42.202 380.662 1.139 0.032 116.651 0.000 0.034 0.053 0.000
b06 Buried Sink 1672+00 2.703 11,872 0.202 0.132 0.224 0.000 40.259 366.323 2.520 42.152 399.807 1.151 0.000 123.595 0.000 0.034 0.055 0.000
b09 Buried Sink 1676+00 0.956 4,199 0.222 0.266 0.433 0.000 61.806 945.730 5.256 100.013 1064.359 2.811 0.000 335.077 0.000 0.083 0.140 0.000
b010 Buried Sink 1676+00 0.970 4,261 0.527 0.357 0.603 0.000 106.886 1011.623 6.832 115.506 1107.370 3.163 0.000 342.944 0.000 0.094 0.151 0.001
b012 Buried Sink 1680+00 1.622 7,124 0.380 0.234 0.398 0.000 73.533 621.609 4.431 72.617 674.442 1.974 0.000 207.745 0.000 0.059 0.093 0.001
b015 Buried Sink 1685+00 1.290 5,666 0.422 0.277 0.468 0.000 84.170 767.250 5.274 88.253 837.496 2.411 0.000 258.922 0.000 0.072 0.115 0.001
b016 Buried Sink 1695+00 5.139 22,572 0.194 0.097 0.168 0.000 34.236 215.276 1.795 26.982 226.873 0.717 0.137 68.617 0.000 0.022 0.033 0.000
b018 Buried Sink 1697+00 0.474 2,082 1.067 0.728 1.228 0.000 217.098 2067.372 13.922 235.772 2264.061 6.459 0.000 701.353 0.000 0.193 0.309 0.002
b019 Buried Sink 1777+00 2.781 12,215 0.272 0.152 0.261 0.000 50.436 375.611 2.855 45.135 402.949 1.216 0.064 123.252 0.000 0.037 0.057 0.001
b020 Buried Sink 1786+00 1.835 8,060 0.338 0.207 0.353 0.000 65.319 550.012 3.928 64.307 596.564 1.747 0.000 183.720 0.000 0.052 0.083 0.001
sp025 Spring 1584+50 1.453 6,382 0.753 0.363 0.633 0.000 131.223 778.930 6.711 99.167 815.279 2.624 0.636 245.486 0.000 0.079 0.118 0.002
sp026 Spring 1585+00 1.453 6,382 0.753 0.363 0.633 0.000 131.223 778.930 6.711 99.167 815.279 2.624 0.636 245.486 0.000 0.079 0.118 0.002
sp028 Spring 1586+00 1.453 6,382 0.753 0.363 0.633 0.000 131.223 778.930 6.711 99.167 815.279 2.624 0.636 245.486 0.000 0.079 0.118 0.002
sp032 Spring 1632+00 2.997 13,164 0.370 0.178 0.310 0.000 64.382 378.959 3.281 48.359 396.230 1.279 0.320 119.227 0.090 0.039 0.057 0.001
sp034 Spring 1660+00 6.832 30,008 0.342 0.133 0.238 97.384 54.949 212.447 2.399 31.053 207.725 0.789 0.536 59.681 3.483 0.024 0.033 0.001
sp055 Spring 1792+00 13.084 57,469 0.192 0.074 0.132 59.096 30.682 114.375 1.324 16.948 110.992 0.429 0.309 31.713 2.075 0.013 0.018 0.000
sp071 Spring 1895+00 20.725 91,030 0.185 0.067 0.120 77.016 28.950 88.783 1.180 14.229 82.236 0.353 0.337 22.668 2.546 0.011 0.014 0.000
sp077 Spring 1923+00 3.016 13,247 0.344 0.169 0.294 0.000 60.358 370.311 3.131 46.721 389.139 1.240 0.264 117.476 0.000 0.037 0.056 0.001
sp083 Spring 1939+00 1.114 4,893 0.466 0.313 0.529 0.000 94.112 882.662 5.986 100.960 965.551 2.763 0.000 298.902 0.000 0.082 0.132 0.001
sp093 Spring 1965+00 0.903 3,966 1.288 0.608 1.061 0.000 222.408 1272.845 11.204 163.716 1326.146 4.318 1.191 398.118 1.426 0.131 0.193 0.003
sp097 Spring 1972+00 2.195 9,641 0.458 0.228 0.395 0.000 80.758 505.055 4.223 63.395 531.928 1.685 0.331 160.815 0.000 0.051 0.076 0.001
sp098 Spring 1974+00 5.678 24,939 0.187 0.091 0.159 0.000 32.756 197.903 1.688 25.073 207.584 0.664 0.151 62.592 0.000 0.020 0.030 0.000
sp099 Spring 1975+00 1.249 5,486 0.478 0.299 0.508 0.000 93.290 803.436 5.675 93.492 873.061 2.545 0.000 269.178 0.000 0.076 0.120 0.001
sp107 Spring 1984+50 10.203 44,815 0.181 0.075 0.133 35.946 29.734 130.040 1.353 18.192 130.129 0.468 0.254 38.012 1.422 0.014 0.020 0.000
sp115 Spring 2117+00 7.953 34,932 0.239 0.098 0.173 49.790 39.032 168.364 1.767 23.665 168.070 0.608 0.339 49.011 1.939 0.019 0.026 0.001
sp120 Spring 2139+00 3.094 13,590 0.327 0.162 0.282 0.000 57.662 358.944 3.009 45.111 377.839 1.198 0.240 114.190 0.000 0.036 0.054 0.001
sp121 Spring 2140+00 0.325 1,427 0.886 0.854 1.407 0.000 216.725 2842.322 16.716 307.057 3175.194 8.566 0.000 995.291 0.000 0.254 0.423 0.001
sp122 Spring 2143+00 4.853 21,316 0.360 0.150 0.267 62.515 59.362 267.946 2.730 37.086 269.584 0.957 0.488 79.046 2.584 0.029 0.041 0.001
sp125 Spring 2145+50 3.327 14,613 0.363 0.169 0.296 0.000 62.429 349.041 3.115 45.195 362.557 1.190 0.354 108.626 0.653 0.036 0.053 0.001
sp127 Spring 2146+00 3.327 14,613 0.363 0.169 0.296 0.000 62.429 349.041 3.115 45.195 362.557 1.190 0.354 108.626 0.653 0.036 0.053 0.001
sp128 Spring 2148+00 3.327 14,613 0.363 0.169 0.296 0.000 62.429 349.041 3.115 45.195 362.557 1.190 0.354 108.626 0.653 0.036 0.053 0.001
sp136 Spring 2162+00 0.426 1,871 0.768 0.680 1.126 0.000 179.117 2192.273 13.248 239.332 2439.881 6.653 0.000 763.124 0.000 0.197 0.326 0.001

0.300

Runoff Volume inside 
R/WID Type

Approx. Station Runoff Area inside 
R/W

Table #2‐1:  1‐Year/1‐Hour Average Pollutant Concentration of Karst Features  for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

Average Concentration

USS Section 5 Karst Calculations_Existing Conditions.xlsx



0.262 0.042 0.254 n/a n/a n/a n/a n/a n/a n/a n/a 860 n/a 0.011 3.679 n/a
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a n/a n/a 230 n/a 0.002 0.438 n/a
0.050 n/a n/a n/a n/a n/a n/a n/a n/a 0.010 n/a n/a n/a 0.010 170.000 0.00014
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a 0.010 n/a 230 n/a 0.002 0.438 0.00014
53 53 44 53 22 53 53

2.847 1.205 2.132 9.040 1015.064 0.269 0.439 0.006
i020 i020 i020 i182 i182 i182 i182 i020Highest concentration feature ID

Number of features exceeding water quality standards
Highest concentration

Acute Aquatic Criterion, AAC (Table 2, 327 IAC 2‐1‐6)
Chronic Aquatic Criterion, CAC (Table 2, 327 IAC 2‐1‐6)

Point of Water Intake Human Health (Table 1, 327 IAC 2‐1‐6)
Values in shaded cells exceed one of the water quality standards

USS Section 5 Karst Calculations_Existing Conditions.xlsx



Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (acres) (cf) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

i168 sinkhole 1590+00 5.521 63,330 0.089 0.041 0.071 1.307 15.219 81.947 0.748 10.728 84.692 0.281 0.094 25.290 0.256 0.009 0.012 0.000
i020 sinkhole 1590+00 0.583 6,687 0.668 0.331 0.574 0.000 117.609 730.167 6.131 91.830 768.364 2.439 0.494 232.168 0.000 0.074 0.110 0.001
i023 sinkhole 1598+00 2.239 25,687 0.075 0.056 0.093 0.000 15.913 164.653 1.068 18.490 181.370 0.509 0.000 56.381 0.000 0.015 0.025 0.000
i024 sinkhole 1595+00 0.488 5,598 0.435 0.282 0.478 0.000 86.350 778.609 5.379 89.755 849.181 2.450 0.000 262.400 0.000 0.073 0.117 0.001
i025 sinkhole 1600+00 2.240 25,695 0.139 0.075 0.130 0.000 25.431 181.079 1.410 21.992 193.405 0.590 0.052 58.995 0.000 0.018 0.027 0.000
i426 sinkhole 1788+00 2.591 29,726 0.114 0.063 0.108 0.000 21.035 154.883 1.185 18.661 165.974 0.502 0.031 50.733 0.000 0.015 0.023 0.000
i412 sinkhole 1715+00 0.659 7,559 0.285 0.198 0.333 0.000 58.506 567.164 3.788 64.462 621.928 1.768 0.000 192.809 0.000 0.053 0.085 0.000
i040 sinkhole 1778+00 9.851 112,999 0.058 0.025 0.045 5.755 9.741 48.024 0.463 6.459 49.004 0.168 0.070 14.508 0.300 0.005 0.007 0.000
i042 sinkhole 1780+00 1.807 20,728 0.132 0.081 0.138 0.000 25.573 214.171 1.534 25.070 232.192 0.681 0.000 71.487 0.000 0.020 0.032 0.000
i426 sinkhole 1788+00 1.210 13,874 0.247 0.136 0.234 0.000 45.496 332.578 2.553 40.139 356.143 1.080 0.073 108.813 0.000 0.032 0.050 0.000
i192 sinkhole 2131+00 1.705 19,557 0.169 0.095 0.162 0.000 31.297 234.246 1.776 28.115 251.416 0.758 0.037 76.925 0.000 0.023 0.035 0.000
i430 sinkhole 1795+00 1.235 14,166 0.145 0.103 0.174 0.000 30.206 300.889 1.985 34.024 330.577 0.935 0.000 102.604 0.000 0.028 0.045 0.000
i044 sinkhole 1800+00 2.715 31,143 0.113 0.062 0.106 0.000 20.762 149.018 1.155 18.064 159.289 0.485 0.040 48.613 0.000 0.015 0.022 0.000
i182 sinkhole 1867+50 0.323 3,705 0.343 0.330 0.543 0.000 83.703 1095.447 6.448 118.378 1223.603 3.302 0.000 383.524 0.000 0.098 0.163 0.000
i205 sinkhole 1868+00 0.561 6,435 0.146 0.174 0.283 0.000 40.515 617.428 3.437 65.329 694.751 1.836 0.000 218.695 0.000 0.054 0.092 0.000
i116 sinkhole 1905+00 2.353 26,991 0.173 0.084 0.146 0.000 30.188 182.726 1.557 23.139 191.707 0.613 0.138 57.813 0.000 0.019 0.028 0.000
i174 sinkhole 1936+00 1.210 13,880 0.198 0.121 0.206 0.000 38.207 319.868 2.291 37.444 346.773 1.017 0.000 106.762 0.000 0.030 0.048 0.000
i192 sinkhole 2132+00 1.705 19,558 0.168 0.094 0.162 0.000 31.277 234.205 1.775 28.107 251.382 0.757 0.037 76.917 0.000 0.023 0.035 0.000
i049 sinkhole 2185+00 6.772 77,680 0.052 0.027 0.046 0.000 9.313 61.454 0.499 7.606 65.117 0.203 0.031 19.763 0.000 0.006 0.009 0.000
i084 sinkhole 2197+00 0.426 4,887 0.317 0.268 0.444 0.000 72.012 845.375 5.196 92.905 938.609 2.577 0.000 293.156 0.000 0.076 0.126 0.000
i194 sinkhole 2244+00 0.857 9,830 0.251 0.162 0.275 0.000 49.747 444.361 3.084 51.322 484.281 1.400 0.000 149.578 0.000 0.042 0.067 0.000
b03 Buried Sink 1653+00 2.925 33,552 0.062 0.044 0.074 0.000 12.879 127.258 0.843 14.412 139.736 0.396 0.000 43.356 0.000 0.012 0.019 0.000
b06 Buried Sink 1672+00 2.703 31,006 0.053 0.043 0.072 0.000 11.834 134.072 0.836 14.821 148.543 0.410 0.000 46.336 0.000 0.012 0.020 0.000
b09 Buried Sink 1676+00 0.956 10,966 0.074 0.098 0.159 0.000 21.999 359.246 1.953 37.682 405.439 1.062 0.000 127.844 0.000 0.031 0.053 0.000
b010 Buried Sink 1676+00 0.970 11,127 0.141 0.118 0.196 0.000 31.809 371.584 2.288 40.869 412.446 1.133 0.000 128.797 0.000 0.034 0.055 0.000
b012 Buried Sink 1680+00 1.622 18,606 0.098 0.075 0.125 0.000 21.140 225.881 1.445 25.221 249.342 0.696 0.000 77.609 0.000 0.021 0.034 0.000
b015 Buried Sink 1685+00 1.290 14,797 0.111 0.090 0.151 0.000 24.755 280.856 1.751 31.039 311.196 0.859 0.000 97.079 0.000 0.026 0.042 0.000
b016 Buried Sink 1695+00 5.139 58,948 0.047 0.029 0.049 0.000 9.101 75.497 0.543 8.855 81.783 0.240 0.000 25.167 0.000 0.007 0.011 0.000
b018 Buried Sink 1697+00 0.474 5,437 0.285 0.241 0.400 0.000 64.734 759.791 4.670 83.502 843.577 2.316 0.000 263.473 0.000 0.069 0.113 0.000
b019 Buried Sink 1777+00 2.781 31,900 0.068 0.047 0.079 0.000 13.993 134.621 0.902 15.323 147.539 0.420 0.000 45.725 0.000 0.013 0.020 0.000
b020 Buried Sink 1786+00 1.835 21,049 0.087 0.066 0.111 0.000 18.757 199.784 1.279 22.319 220.489 0.616 0.000 68.620 0.000 0.018 0.030 0.000
sp025 Spring 1584+50 1.453 16,667 0.182 0.106 0.181 0.000 34.423 270.882 2.001 32.142 292.087 0.869 0.009 89.627 0.000 0.026 0.041 0.000
sp026 Spring 1585+00 1.453 16,667 0.182 0.106 0.181 0.000 34.423 270.882 2.001 32.142 292.087 0.869 0.009 89.627 0.000 0.026 0.041 0.000
sp028 Spring 1586+00 1.453 16,667 0.182 0.106 0.181 0.000 34.423 270.882 2.001 32.142 292.087 0.869 0.009 89.627 0.000 0.026 0.041 0.000
sp032 Spring 1632+00 2.997 34,378 0.090 0.052 0.089 0.000 16.857 131.619 0.976 15.645 141.823 0.423 0.007 43.499 0.000 0.013 0.020 0.000
sp034 Spring 1660+00 6.832 78,369 0.079 0.035 0.061 5.114 13.278 67.917 0.640 9.030 69.683 0.236 0.090 20.707 0.333 0.007 0.010 0.000
sp055 Spring 1792+00 13.084 150,084 0.044 0.019 0.034 4.487 7.371 36.222 0.350 4.877 36.943 0.127 0.054 10.934 0.230 0.004 0.006 0.000
sp071 Spring 1895+00 20.725 237,732 0.042 0.016 0.029 11.580 6.764 26.519 0.297 3.856 26.002 0.098 0.065 7.486 0.418 0.003 0.004 0.000
sp077 Spring 1923+00 3.016 34,596 0.084 0.050 0.085 0.000 15.954 129.411 0.942 15.253 139.917 0.413 0.000 43.005 0.000 0.012 0.019 0.000
sp083 Spring 1939+00 1.114 12,778 0.124 0.103 0.171 0.000 27.927 323.949 2.001 35.671 359.423 0.989 0.000 112.212 0.000 0.029 0.048 0.000
sp093 Spring 1965+00 0.903 10,358 0.310 0.176 0.301 0.000 57.870 440.163 3.310 52.633 473.142 1.420 0.052 144.903 0.000 0.043 0.066 0.001
sp097 Spring 1972+00 2.195 25,178 0.112 0.067 0.115 0.000 21.442 176.986 1.277 20.781 191.642 0.564 0.000 58.958 0.000 0.017 0.027 0.000
sp098 Spring 1974+00 5.678 65,131 0.045 0.027 0.046 0.000 8.627 69.005 0.506 8.158 74.515 0.221 0.000 22.885 0.000 0.007 0.010 0.000
sp099 Spring 1975+00 1.249 14,327 0.124 0.096 0.161 0.000 26.968 292.498 1.859 32.574 323.190 0.899 0.000 100.652 0.000 0.027 0.044 0.000
sp107 Spring 1984+50 10.203 117,037 0.042 0.020 0.035 0.000 7.336 42.786 0.372 5.474 44.686 0.145 0.037 13.436 0.022 0.004 0.006 0.000
sp115 Spring 2117+00 7.953 91,227 0.056 0.026 0.046 0.000 9.606 55.229 0.485 7.094 57.576 0.187 0.051 17.291 0.054 0.006 0.008 0.000
sp120 Spring 2139+00 3.094 35,491 0.080 0.048 0.082 0.000 15.293 125.701 0.909 14.773 136.061 0.401 0.000 41.849 0.000 0.012 0.019 0.000
sp121 Spring 2140+00 0.325 3,728 0.268 0.305 0.498 0.000 72.404 1070.047 6.021 113.677 1202.381 3.190 0.000 378.184 0.000 0.094 0.159 0.000
sp122 Spring 2143+00 4.853 55,668 0.084 0.041 0.071 0.000 14.728 88.754 0.758 11.253 93.066 0.298 0.068 28.056 0.000 0.009 0.013 0.000
sp125 Spring 2145+50 3.327 38,163 0.087 0.049 0.084 0.000 16.161 120.254 0.915 14.453 128.995 0.389 0.021 39.454 0.000 0.012 0.018 0.000
sp127 Spring 2146+00 3.327 38,163 0.087 0.049 0.084 0.000 16.161 120.254 0.915 14.453 128.995 0.389 0.021 39.454 0.000 0.012 0.018 0.000
sp128 Spring 2148+00 3.327 38,163 0.087 0.049 0.084 0.000 16.161 120.254 0.915 14.453 128.995 0.389 0.021 39.454 0.000 0.012 0.018 0.000
sp136 Spring 2162+00 0.426 4,887 0.225 0.239 0.392 0.000 58.272 821.601 4.702 87.843 921.162 2.459 0.000 289.359 0.000 0.073 0.122 0.000

Runoff Volume inside 
R/WID Type

Approx. Station Runoff Area inside 
R/W

Table #2‐2:  2‐Year/24‐Hour Average Pollutant Concentration of Karst Features  for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

Average Concentration

USS Section 5 Karst Calculations_Existing Conditions.xlsx



0.262 0.042 0.254 n/a n/a n/a n/a n/a n/a n/a n/a 860 n/a 0.011 3.679 n/a
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a n/a n/a 230 n/a 0.002 0.438 n/a
0.050 n/a n/a n/a n/a n/a n/a n/a n/a 0.010 n/a n/a n/a 0.010 170.000 0.00014
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a 0.010 n/a 230 n/a 0.002 0.438 0.00014
53 49 12 53 7 53 38

0.668 0.331 0.574 3.302 383.524 0.098 0.163 0.001
i020 i020 i020 i182 i182 i182 i182 i020

Number of features exceeding water quality standards
Highest concentration

Highest concentration feature ID

Point of Water Intake Human Health (Table 1, 327 IAC 2‐1‐6)
Values in shaded cells exceed one of the water quality standards

Acute Aquatic Criterion, AAC (Table 2, 327 IAC 2‐1‐6)
Chronic Aquatic Criterion, CAC (Table 2, 327 IAC 2‐1‐6)
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Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (acres) (cf) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

i168 sinkhole 1590+00 5.521 78,562 0.081 0.036 0.063 6.473 13.576 68.322 0.650 9.130 69.932 0.238 0.095 20.748 0.375 0.007 0.010 0.000
i020 sinkhole 1590+00 0.583 8,296 0.602 0.286 0.499 0.000 104.253 604.947 5.282 77.506 631.389 2.047 0.538 189.765 0.413 0.062 0.092 0.001
i023 sinkhole 1598+00 2.239 31,864 0.066 0.046 0.078 0.000 13.658 134.166 0.891 15.211 147.260 0.418 0.000 45.679 0.000 0.012 0.020 0.000
i024 sinkhole 1595+00 0.488 6,944 0.386 0.239 0.406 0.000 74.892 636.795 4.526 74.300 691.252 2.020 0.000 212.987 0.000 0.060 0.096 0.001
i025 sinkhole 1600+00 2.240 31,874 0.125 0.065 0.112 0.000 22.385 149.232 1.204 18.423 158.301 0.492 0.070 48.078 0.000 0.015 0.023 0.000
i426 sinkhole 1788+00 2.591 36,875 0.102 0.054 0.093 0.000 18.481 127.492 1.010 15.604 135.731 0.418 0.048 41.318 0.000 0.013 0.019 0.000
i412 sinkhole 1715+00 0.659 9,377 0.252 0.166 0.281 0.000 50.473 462.931 3.173 53.183 505.553 1.454 0.000 156.342 0.000 0.043 0.069 0.000
i040 sinkhole 1778+00 9.851 140,176 0.053 0.022 0.039 8.233 8.720 40.214 0.404 5.526 40.604 0.143 0.070 11.935 0.353 0.004 0.006 0.000
i042 sinkhole 1780+00 1.807 25,713 0.118 0.069 0.118 0.000 22.292 175.549 1.297 20.827 189.304 0.563 0.006 58.090 0.000 0.017 0.026 0.000
i426 sinkhole 1788+00 1.210 17,211 0.221 0.117 0.201 0.000 39.988 273.830 2.177 33.577 291.301 0.899 0.108 88.632 0.000 0.027 0.041 0.000
i192 sinkhole 2131+00 1.705 24,260 0.151 0.081 0.139 0.000 27.470 192.710 1.512 23.490 205.518 0.630 0.063 62.630 0.000 0.019 0.029 0.000
i430 sinkhole 1795+00 1.235 17,574 0.128 0.087 0.147 0.000 26.004 245.415 1.660 28.037 268.586 0.768 0.000 83.168 0.000 0.023 0.037 0.000
i044 sinkhole 1800+00 2.715 38,633 0.102 0.053 0.091 0.000 18.267 122.774 0.986 15.125 130.349 0.404 0.055 39.611 0.000 0.012 0.019 0.000
i182 sinkhole 1867+50 0.323 4,596 0.295 0.271 0.448 0.000 70.275 887.910 5.298 96.459 989.930 2.686 0.000 309.941 0.000 0.080 0.132 0.000
i205 sinkhole 1868+00 0.561 7,983 0.123 0.142 0.231 0.000 33.422 499.041 2.798 52.944 561.022 1.486 0.000 176.506 0.000 0.044 0.074 0.000
i116 sinkhole 1905+00 2.353 33,482 0.156 0.073 0.127 0.000 26.792 151.550 1.343 19.558 157.659 0.515 0.148 47.283 0.226 0.016 0.023 0.000
i174 sinkhole 1936+00 1.210 17,218 0.176 0.103 0.176 0.000 33.305 262.188 1.937 31.108 282.723 0.841 0.009 86.755 0.000 0.025 0.039 0.000
i192 sinkhole 2132+00 1.705 24,261 0.151 0.081 0.139 0.000 27.452 192.673 1.512 23.483 205.488 0.630 0.063 62.623 0.000 0.019 0.029 0.000
i049 sinkhole 2185+00 6.772 96,363 0.047 0.023 0.040 0.000 8.230 50.791 0.428 6.398 53.410 0.170 0.035 16.131 0.000 0.005 0.008 0.000
i084 sinkhole 2197+00 0.426 6,062 0.276 0.222 0.370 0.000 61.122 686.789 4.299 76.025 760.533 2.103 0.000 237.168 0.000 0.063 0.102 0.000
i194 sinkhole 2244+00 0.857 12,195 0.223 0.137 0.233 0.000 43.175 363.525 2.596 42.503 394.291 1.155 0.000 121.427 0.000 0.035 0.055 0.000
b03 Buried Sink 1653+00 2.925 41,622 0.055 0.037 0.062 0.000 11.094 103.818 0.705 11.880 113.548 0.325 0.000 35.147 0.000 0.010 0.016 0.000
b06 Buried Sink 1672+00 2.703 38,463 0.047 0.036 0.060 0.000 10.077 109.009 0.693 12.145 120.426 0.335 0.000 37.501 0.000 0.010 0.016 0.000
b09 Buried Sink 1676+00 0.956 13,603 0.061 0.080 0.129 0.000 17.984 290.029 1.583 30.468 327.151 0.858 0.000 103.127 0.000 0.025 0.043 0.000
b010 Buried Sink 1676+00 0.970 13,803 0.122 0.098 0.163 0.000 27.010 301.910 1.894 33.450 334.220 0.925 0.000 104.205 0.000 0.027 0.045 0.000
b012 Buried Sink 1680+00 1.622 23,080 0.086 0.063 0.105 0.000 18.094 183.910 1.202 20.719 202.338 0.570 0.000 62.854 0.000 0.017 0.027 0.000
b015 Buried Sink 1685+00 1.290 18,356 0.097 0.075 0.126 0.000 21.077 228.345 1.452 25.435 252.287 0.702 0.000 78.567 0.000 0.021 0.034 0.000
b016 Buried Sink 1695+00 5.139 73,126 0.042 0.024 0.042 0.000 7.938 61.901 0.460 7.360 66.691 0.199 0.004 20.454 0.000 0.006 0.009 0.000
b018 Buried Sink 1697+00 0.474 6,745 0.248 0.200 0.333 0.000 54.944 617.262 3.864 68.330 683.532 1.891 0.000 213.154 0.000 0.056 0.092 0.000
b019 Buried Sink 1777+00 2.781 39,573 0.061 0.040 0.067 0.000 12.078 109.903 0.756 12.646 119.948 0.345 0.000 37.080 0.000 0.010 0.016 0.000
b020 Buried Sink 1786+00 1.835 26,111 0.077 0.055 0.093 0.000 16.059 162.675 1.065 18.338 178.934 0.504 0.000 55.576 0.000 0.015 0.024 0.000
sp025 Spring 1584+50 1.453 20,676 0.163 0.090 0.155 0.000 30.124 222.474 1.699 26.786 238.474 0.721 0.043 72.907 0.000 0.022 0.033 0.000
sp026 Spring 1585+00 1.453 20,676 0.163 0.090 0.155 0.000 30.124 222.474 1.699 26.786 238.474 0.721 0.043 72.907 0.000 0.022 0.033 0.000
sp028 Spring 1586+00 1.453 20,676 0.163 0.090 0.155 0.000 30.124 222.474 1.699 26.786 238.474 0.721 0.043 72.907 0.000 0.022 0.033 0.000
sp032 Spring 1632+00 2.997 42,646 0.080 0.044 0.076 0.000 14.759 108.126 0.829 13.043 115.812 0.351 0.023 35.389 0.000 0.011 0.016 0.000
sp034 Spring 1660+00 6.832 97,217 0.071 0.031 0.054 8.952 11.869 56.765 0.557 7.709 57.653 0.200 0.090 17.015 0.419 0.006 0.009 0.000
sp055 Spring 1792+00 13.084 186,180 0.040 0.017 0.030 6.340 6.599 30.336 0.306 4.173 30.614 0.108 0.053 8.995 0.270 0.003 0.005 0.000
sp071 Spring 1895+00 20.725 294,908 0.038 0.015 0.026 12.023 6.101 22.500 0.262 3.348 21.784 0.085 0.062 6.214 0.420 0.003 0.003 0.000
sp077 Spring 1923+00 3.016 42,916 0.075 0.042 0.073 0.000 13.935 106.180 0.798 12.691 114.154 0.342 0.012 34.964 0.000 0.010 0.016 0.000
sp083 Spring 1939+00 1.114 15,852 0.108 0.086 0.143 0.000 23.730 263.249 1.657 29.204 291.285 0.807 0.000 90.793 0.000 0.024 0.039 0.000
sp093 Spring 1965+00 0.903 12,849 0.277 0.150 0.259 0.000 50.747 361.913 2.815 43.938 386.612 1.180 0.102 117.941 0.000 0.035 0.055 0.001
sp097 Spring 1972+00 2.195 31,234 0.100 0.057 0.098 0.000 18.708 145.135 1.080 17.277 156.294 0.467 0.010 47.920 0.000 0.014 0.022 0.000
sp098 Spring 1974+00 5.678 80,796 0.041 0.023 0.039 0.000 7.542 56.643 0.429 6.793 60.814 0.183 0.008 18.611 0.000 0.005 0.009 0.000
sp099 Spring 1975+00 1.249 17,773 0.109 0.080 0.135 0.000 23.053 238.063 1.545 26.743 262.199 0.736 0.000 81.501 0.000 0.022 0.036 0.000
sp107 Spring 1984+50 10.203 145,185 0.038 0.018 0.031 0.084 6.521 35.543 0.322 4.637 36.794 0.122 0.039 10.999 0.096 0.004 0.005 0.000
sp115 Spring 2117+00 7.953 113,168 0.050 0.023 0.040 0.850 8.545 45.908 0.420 6.014 47.431 0.158 0.053 14.160 0.147 0.005 0.007 0.000
sp120 Spring 2139+00 3.094 44,026 0.071 0.041 0.070 0.000 13.347 103.093 0.769 12.284 110.976 0.332 0.008 34.017 0.000 0.010 0.015 0.000
sp121 Spring 2140+00 0.325 4,625 0.227 0.249 0.408 0.000 59.955 865.337 4.911 92.223 971.283 2.585 0.000 305.302 0.000 0.076 0.129 0.000
sp122 Spring 2143+00 4.853 69,056 0.076 0.036 0.062 0.000 13.074 73.625 0.654 9.513 76.548 0.251 0.073 22.949 0.121 0.008 0.011 0.000
sp125 Spring 2145+50 3.327 47,342 0.078 0.042 0.072 0.000 14.190 98.950 0.779 12.079 105.462 0.324 0.034 32.126 0.000 0.010 0.015 0.000
sp127 Spring 2146+00 3.327 47,342 0.078 0.042 0.072 0.000 14.190 98.950 0.779 12.079 105.462 0.324 0.034 32.126 0.000 0.010 0.015 0.000
sp128 Spring 2148+00 3.327 47,342 0.078 0.042 0.072 0.000 14.190 98.950 0.779 12.079 105.462 0.324 0.034 32.126 0.000 0.010 0.015 0.000
sp136 Spring 2162+00 0.426 6,062 0.192 0.196 0.322 0.000 48.523 664.989 3.846 71.383 744.535 1.996 0.000 233.687 0.000 0.059 0.099 0.000

Runoff Volume inside 
R/WID Type

Approx. Station Runoff Area inside 
R/W

Table #2‐3:  5‐Year/24‐Hour Average Pollutant Concentration of Karst Features  for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

Average Concentration
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0.262 0.042 0.254 n/a n/a n/a n/a n/a n/a n/a n/a 860 n/a 0.011 3.679 n/a
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a n/a n/a 230 n/a 0.002 0.438 n/a
0.050 n/a n/a n/a n/a n/a n/a n/a n/a 0.010 n/a n/a n/a 0.010 170.000 0.00014
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a 0.010 n/a 230 n/a 0.002 0.438 0.00014
53 45 11 53 4 53 37

0.602 0.286 0.499 2.686 309.941 0.080 0.132 0.001
i020 i020 i020 i182 i182 i182 i182 i020

Number of features exceeding water quality standards
Highest concentration

Highest concentration feature ID

Point of Water Intake Human Health (Table 1, 327 IAC 2‐1‐6)
Values in shaded cells exceed one of the water quality standards

Acute Aquatic Criterion, AAC (Table 2, 327 IAC 2‐1‐6)
Chronic Aquatic Criterion, CAC (Table 2, 327 IAC 2‐1‐6)
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Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (acres) (cf) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

i168 sinkhole 1590+00 5.521 24,049 0.389 0.155 0.276 98.611 63.038 255.525 2.795 36.711 252.176 0.938 0.587 72.941 3.634 0.029 0.039 0.001
i020 sinkhole 1590+00 0.583 2,540 2.872 1.216 2.150 430.658 475.562 2209.751 22.103 302.924 2233.955 7.840 3.757 657.204 18.758 0.239 0.338 0.006
i023 sinkhole 1598+00 2.239 9,754 0.296 0.176 0.301 0.000 56.471 458.789 3.336 54.056 496.103 1.465 0.000 152.495 0.000 0.044 0.069 0.001
i024 sinkhole 1595+00 0.488 2,126 1.767 0.937 1.616 0.000 320.158 2210.852 17.498 270.533 2353.970 7.246 0.818 716.621 0.000 0.218 0.333 0.004
i025 sinkhole 1600+00 2.240 9,757 0.588 0.267 0.468 13.800 100.060 534.096 4.901 70.105 551.317 1.838 0.627 164.497 1.824 0.056 0.081 0.001
i426 sinkhole 1788+00 2.591 11,288 0.479 0.222 0.388 0.000 82.152 454.160 4.080 58.999 471.043 1.551 0.478 140.990 1.017 0.047 0.069 0.001
i412 sinkhole 1715+00 0.659 2,871 1.141 0.642 1.101 0.000 212.185 1594.092 12.063 191.161 1711.539 5.153 0.237 523.790 0.000 0.155 0.240 0.002
i040 sinkhole 1778+00 9.851 42,911 0.255 0.098 0.176 78.265 40.878 152.810 1.766 22.619 148.378 0.573 0.411 42.413 2.752 0.018 0.024 0.001
i042 sinkhole 1780+00 1.807 7,871 0.546 0.274 0.476 0.000 96.781 614.920 5.096 76.862 648.818 2.045 0.374 196.383 0.000 0.062 0.093 0.001
i426 sinkhole 1788+00 1.210 5,269 1.040 0.479 0.839 0.000 177.973 976.432 8.813 127.129 1011.700 3.341 1.052 302.613 2.433 0.101 0.148 0.002
i192 sinkhole 2131+00 1.705 7,427 0.708 0.331 0.578 0.000 121.773 684.949 6.091 88.536 712.036 2.332 0.680 213.444 1.148 0.071 0.104 0.001
i430 sinkhole 1795+00 1.235 5,380 0.578 0.333 0.570 0.000 108.585 842.589 6.270 100.296 907.395 2.710 0.058 278.215 0.000 0.081 0.127 0.001
i044 sinkhole 1800+00 2.715 11,827 0.479 0.218 0.383 7.210 81.547 438.911 4.007 57.469 453.582 1.508 0.502 135.439 1.375 0.046 0.067 0.001
i182 sinkhole 1867+50 0.323 1,407 1.233 0.970 1.619 0.000 269.596 2969.769 18.746 329.848 3284.600 9.116 0.000 1023.535 0.000 0.271 0.443 0.002
i205 sinkhole 1868+00 0.561 2,444 0.474 0.485 0.797 0.000 120.068 1649.041 9.530 176.961 1846.496 4.948 0.000 579.594 0.000 0.146 0.245 0.001
i116 sinkhole 1905+00 2.353 10,250 0.744 0.311 0.551 126.594 122.628 555.811 5.649 76.823 559.598 1.984 1.002 164.161 5.267 0.061 0.085 0.002
i174 sinkhole 1936+00 1.210 5,271 0.816 0.410 0.711 0.000 144.605 918.440 7.613 114.812 969.030 3.055 0.559 293.296 0.000 0.092 0.139 0.002
i192 sinkhole 2132+00 1.705 7,427 0.707 0.331 0.578 0.000 121.683 684.776 6.088 88.502 711.900 2.331 0.679 213.412 1.137 0.071 0.104 0.001
i049 sinkhole 2185+00 6.772 29,499 0.222 0.097 0.171 21.657 37.221 183.800 1.769 24.708 187.597 0.643 0.268 55.551 1.135 0.020 0.028 0.000
i084 sinkhole 2197+00 0.426 1,856 1.197 0.817 1.378 0.000 243.553 2319.450 15.619 264.516 2540.134 7.247 0.000 786.876 0.000 0.216 0.347 0.002
i194 sinkhole 2244+00 0.857 3,733 1.024 0.539 0.930 0.000 184.951 1263.497 10.059 155.023 1343.775 4.149 0.505 408.795 0.000 0.125 0.191 0.002
b03 Buried Sink 1653+00 2.925 12,741 0.248 0.142 0.243 0.000 46.419 356.750 2.668 42.558 383.849 1.149 0.033 117.626 0.000 0.034 0.054 0.000
b06 Buried Sink 1672+00 2.703 11,774 0.204 0.133 0.226 0.000 40.603 369.391 2.541 42.506 403.149 1.161 0.000 124.627 0.000 0.035 0.055 0.000
b09 Buried Sink 1676+00 0.956 4,164 0.223 0.268 0.436 0.000 62.325 953.618 5.300 100.848 1073.234 2.834 0.000 337.870 0.000 0.084 0.142 0.000
b010 Buried Sink 1676+00 0.970 4,225 0.531 0.360 0.608 0.000 107.798 1020.091 6.890 116.477 1116.625 3.190 0.000 345.807 0.000 0.095 0.153 0.001
b012 Buried Sink 1680+00 1.622 7,065 0.383 0.236 0.401 0.000 74.162 626.818 4.468 73.229 680.083 1.990 0.000 209.481 0.000 0.060 0.094 0.001
b015 Buried Sink 1685+00 1.290 5,619 0.425 0.279 0.472 0.000 84.889 773.675 5.318 88.995 844.498 2.431 0.000 261.084 0.000 0.073 0.116 0.001
b016 Buried Sink 1695+00 5.139 22,385 0.195 0.098 0.169 0.000 34.531 217.086 1.810 27.211 228.775 0.723 0.139 69.191 0.000 0.022 0.033 0.000
b018 Buried Sink 1697+00 0.474 2,065 1.076 0.734 1.238 0.000 218.951 2084.676 14.040 237.753 2282.984 6.513 0.000 707.209 0.000 0.194 0.312 0.002
b019 Buried Sink 1777+00 2.781 12,114 0.274 0.153 0.263 0.000 50.869 378.763 2.880 45.516 406.323 1.226 0.065 124.283 0.000 0.037 0.057 0.001
b020 Buried Sink 1786+00 1.835 7,993 0.341 0.209 0.356 0.000 65.878 554.621 3.961 64.848 601.554 1.762 0.000 185.255 0.000 0.053 0.083 0.001
sp025 Spring 1584+50 1.453 6,329 0.760 0.366 0.638 0.000 132.354 785.487 6.769 100.007 822.120 2.646 0.642 247.542 0.000 0.080 0.119 0.002
sp026 Spring 1585+00 1.453 6,329 0.760 0.366 0.638 0.000 132.354 785.487 6.769 100.007 822.120 2.646 0.642 247.542 0.000 0.080 0.119 0.002
sp028 Spring 1586+00 1.453 6,329 0.760 0.366 0.638 0.000 132.354 785.487 6.769 100.007 822.120 2.646 0.642 247.542 0.000 0.080 0.119 0.002
sp032 Spring 1632+00 2.997 13,055 0.374 0.179 0.312 0.000 64.937 382.149 3.309 48.769 399.556 1.289 0.323 120.225 0.094 0.039 0.058 0.001
sp034 Spring 1660+00 6.832 29,760 0.345 0.135 0.241 98.272 55.425 214.250 2.419 31.318 209.479 0.796 0.540 60.183 3.515 0.024 0.033 0.001
sp055 Spring 1792+00 13.084 56,994 0.193 0.074 0.133 59.632 30.948 115.346 1.335 17.093 111.931 0.433 0.312 31.980 2.094 0.013 0.018 0.000
sp071 Spring 1895+00 20.725 90,278 0.187 0.067 0.121 77.701 29.202 89.540 1.190 14.351 82.934 0.356 0.340 22.860 2.568 0.011 0.014 0.000
sp077 Spring 1923+00 3.016 13,138 0.347 0.170 0.296 0.000 60.878 373.426 3.157 47.117 392.404 1.250 0.267 118.460 0.000 0.038 0.057 0.001
sp083 Spring 1939+00 1.114 4,853 0.470 0.316 0.534 0.000 94.916 890.051 6.037 101.808 973.622 2.786 0.000 301.398 0.000 0.083 0.133 0.001
sp093 Spring 1965+00 0.903 3,933 1.299 0.613 1.070 0.000 224.326 1283.564 11.299 165.104 1337.280 4.355 1.201 401.454 1.446 0.132 0.195 0.003
sp097 Spring 1972+00 2.195 9,561 0.462 0.230 0.399 0.000 81.454 509.303 4.259 63.931 536.390 1.699 0.334 162.161 0.000 0.051 0.077 0.001
sp098 Spring 1974+00 5.678 24,733 0.189 0.092 0.160 0.000 33.038 199.568 1.702 25.286 209.326 0.670 0.152 63.116 0.000 0.020 0.030 0.000
sp099 Spring 1975+00 1.249 5,441 0.482 0.302 0.512 0.000 94.089 810.168 5.723 94.279 880.363 2.566 0.000 271.427 0.000 0.077 0.121 0.001
sp107 Spring 1984+50 10.203 44,444 0.183 0.075 0.134 36.286 29.991 131.140 1.364 18.347 131.226 0.472 0.256 38.331 1.435 0.014 0.020 0.000
sp115 Spring 2117+00 7.953 34,643 0.241 0.098 0.175 50.257 39.370 169.789 1.782 23.867 169.487 0.613 0.342 49.423 1.956 0.019 0.026 0.001
sp120 Spring 2139+00 3.094 13,477 0.330 0.164 0.284 0.000 58.159 361.964 3.035 45.493 381.008 1.208 0.242 115.146 0.000 0.037 0.055 0.001
sp121 Spring 2140+00 0.325 1,416 0.894 0.861 1.419 0.000 218.556 2866.051 16.857 309.625 3201.686 8.638 0.000 1003.592 0.000 0.256 0.426 0.001
sp122 Spring 2143+00 4.853 21,140 0.363 0.152 0.269 63.115 59.876 270.212 2.754 37.402 271.855 0.965 0.492 79.710 2.608 0.030 0.041 0.001
sp125 Spring 2145+50 3.327 14,492 0.367 0.171 0.299 0.000 62.967 351.981 3.142 45.579 365.602 1.200 0.357 109.536 0.661 0.036 0.053 0.001
sp127 Spring 2146+00 3.327 14,492 0.367 0.171 0.299 0.000 62.967 351.981 3.142 45.579 365.602 1.200 0.357 109.536 0.661 0.036 0.053 0.001
sp128 Spring 2148+00 3.327 14,492 0.367 0.171 0.299 0.000 62.967 351.981 3.142 45.579 365.602 1.200 0.357 109.536 0.661 0.036 0.053 0.001
sp136 Spring 2162+00 0.426 1,856 0.775 0.686 1.136 0.000 180.634 2210.584 13.359 241.336 2460.244 6.709 0.000 769.490 0.000 0.199 0.329 0.001

Table #2‐4:  50‐Year/10‐Min Average Pollutant Concentration of Karst Features  for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

ID Type
Average ConcentrationRunoff Volume inside 

R/W
Runoff Area inside 

R/W
Approx. Station
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0.262 0.042 0.254 n/a n/a n/a n/a n/a n/a n/a n/a 860 n/a 0.011 3.679 n/a
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a n/a n/a 230 n/a 0.002 0.438 n/a
0.050 n/a n/a n/a n/a n/a n/a n/a n/a 0.010 n/a n/a n/a 0.010 170.000 0.00014
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a 0.010 n/a 230 n/a 0.002 0.438 0.00014
53 53 44 53 22 53 53

2.872 1.216 2.150 9.116 1023.535 0.271 0.443 0.006
i020 i020 i020 i182 i182 i182 i182 i020

Chronic Aquatic Criterion, CAC (Table 2, 327 IAC 2‐1‐6)
Acute Aquatic Criterion, AAC (Table 2, 327 IAC 2‐1‐6)

Highest concentration
Highest concentration feature ID

Point of Water Intake Human Health (Table 1, 327 IAC 2‐1‐6)
Values in shaded cells exceed one of the water quality standards

Number of features exceeding water quality standards
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Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (acres) (cf) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

i219 sinkhole 1557+00 1.055 4,634 1.020 0.495 0.861 0.000 178.120 1068.273 9.150 135.617 1119.534 3.591 0.838 337.376 0.000 0.109 0.162 0.002
i379 sinkhole 1570+00 6.085 26,727 0.558 0.204 0.368 217.154 87.707 283.536 3.628 44.448 266.254 1.109 0.986 74.195 7.265 0.034 0.044 0.001
i017 sinkhole 1573+00 0.561 2,464 5.197 1.946 3.497 1825.640 823.512 2854.273 34.756 435.028 2725.685 10.932 8.807 769.451 62.322 0.338 0.442 0.012
i015 sinkhole 1577+00 0.823 3,615 2.347 0.956 1.699 506.168 383.223 1637.418 17.293 230.913 1631.797 5.928 3.367 475.280 19.513 0.182 0.251 0.005
i387 sinkhole 1579+00 0.659 2,895 0.546 0.455 0.756 0.000 123.150 1429.899 8.828 157.425 1586.570 4.364 0.000 495.344 0.000 0.130 0.213 0.001
i168 sinkhole 1586+00 16.419 72,117 0.223 0.080 0.145 90.133 34.834 109.111 1.428 17.331 101.633 0.431 0.400 28.141 2.993 0.013 0.017 0.001
i020 sinkhole 1591+00 15.533 68,226 0.173 0.066 0.118 56.582 27.486 99.182 1.174 14.880 95.577 0.376 0.285 27.166 1.960 0.012 0.015 0.000
i024 sinkhole 1596+00 0.488 2,143 2.490 1.158 2.025 0.000 427.524 2382.931 21.305 308.828 2474.202 8.127 2.439 741.097 4.698 0.246 0.362 0.005
i023 sinkhole 1597+00 1.705 7,489 0.681 0.322 0.562 0.000 117.692 673.950 5.930 86.670 702.225 2.286 0.629 210.823 0.742 0.069 0.102 0.001
i025 sinkhole 1599+00 2.240 9,839 0.924 0.371 0.660 224.301 150.048 617.606 6.686 88.247 611.282 2.257 1.374 177.178 8.362 0.069 0.095 0.002
i050 sinkhole 1605+00 1.345 5,908 0.792 0.386 0.671 0.000 138.530 835.889 7.134 105.940 876.643 2.807 0.640 264.306 0.000 0.085 0.127 0.002
i412 sinkhole 1715+00 0.659 2,895 1.471 0.742 1.286 0.000 260.975 1668.372 13.779 208.203 1761.572 5.542 0.983 533.427 0.000 0.167 0.252 0.003
i040 sinkhole 1777+00 9.851 43,269 0.402 0.144 0.260 169.670 62.750 189.975 2.549 30.614 175.352 0.758 0.736 48.199 5.593 0.024 0.030 0.001
i042 sinkhole 1780+00 1.807 7,937 0.708 0.324 0.567 7.585 120.748 652.691 5.944 85.352 674.903 2.240 0.737 201.603 1.951 0.068 0.099 0.002
i426 sinkhole 1790+00 2.542 11,165 0.688 0.287 0.509 119.709 113.416 511.693 5.216 70.834 514.781 1.828 0.932 150.932 4.943 0.056 0.078 0.002
i430 sinkhole 1800+00 1.288 5,657 1.508 0.614 1.091 328.557 246.107 1048.410 11.094 148.003 1044.249 3.799 2.170 304.034 12.628 0.116 0.161 0.003
i044 sinkhole 1680+00 2.752 12,088 0.333 0.172 0.297 0.000 59.599 394.503 3.196 48.790 418.154 1.302 0.193 126.936 0.000 0.039 0.060 0.001
b182 sinkhole 1869+00 0.323 1,419 0.949 0.877 1.449 0.000 226.590 2874.668 17.126 312.099 3205.676 8.692 0.000 1003.808 0.000 0.258 0.428 0.001
i205 sinkhole 1869+00 0.561 2,464 0.642 0.535 0.889 0.000 144.663 1679.685 10.371 184.925 1863.725 5.126 0.000 581.875 0.000 0.152 0.250 0.001
i116 sinkhole 1905+00 2.353 10,335 1.162 0.440 0.789 387.552 184.829 660.594 7.873 99.478 635.238 2.508 1.929 180.271 13.374 0.077 0.102 0.003
i174 sinkhole 1936+00 1.210 5,315 1.261 0.546 0.963 136.866 210.613 1027.129 9.964 138.622 1046.352 3.604 1.549 309.441 6.819 0.110 0.157 0.003
i229 sinkhole 2122+00 0.464 2,038 1.421 0.846 1.444 0.000 271.061 2197.202 15.993 259.010 2375.433 7.020 0.000 730.086 0.000 0.210 0.330 0.003
i252 sinkhole 2129+00 0.333 1,463 1.627 1.070 1.809 0.000 325.058 2970.492 20.393 341.511 3243.079 9.331 0.000 1002.753 0.000 0.279 0.445 0.003
i192 sinkhole 2131+00 1.709 7,506 1.143 0.464 0.825 251.484 186.413 791.755 8.395 111.887 788.190 2.871 1.649 229.395 9.637 0.088 0.121 0.003
i269 sinkhole 2145+50 0.336 1,476 1.580 1.050 1.775 0.000 317.414 2935.764 20.041 336.715 3208.101 9.207 0.000 992.489 0.000 0.275 0.439 0.003
i471 sinkhole 2149+00 0.801 3,518 0.609 0.424 0.714 0.000 125.190 1217.713 8.121 138.312 1335.617 3.794 0.000 414.126 0.000 0.113 0.182 0.001
i048 sinkhole 2153+00 0.659 2,895 1.082 0.621 1.063 0.000 202.943 1567.962 11.695 186.823 1687.887 5.046 0.124 517.392 0.000 0.151 0.236 0.002
i054 sinkhole 2155+00 4.937 21,685 0.318 0.137 0.241 38.895 52.910 253.971 2.489 34.450 258.088 0.894 0.399 76.197 1.838 0.027 0.039 0.001
i075 sinkhole 2185+00 8.743 38,402 0.275 0.107 0.191 80.884 44.093 168.009 1.916 24.691 163.787 0.627 0.436 46.955 2.871 0.019 0.026 0.001
i055 sinkhole 2192+50 0.760 3,338 1.332 0.661 1.147 0.000 234.679 1461.165 12.249 183.623 1538.117 4.878 0.977 464.855 0.000 0.147 0.221 0.003
i084 sinkhole 2197+00 0.426 1,871 2.376 1.178 2.047 0.000 418.677 2606.774 21.853 327.591 2744.058 8.702 1.742 829.318 0.000 0.263 0.394 0.005
i064 sinkhole 2208+00 0.401 1,761 2.337 1.194 2.068 0.000 416.963 2721.162 22.216 337.767 2879.815 9.006 1.439 873.336 0.000 0.272 0.411 0.005
i194 sinkhole 2244+00 0.857 3,764 0.308 0.315 0.517 0.000 77.963 1070.583 6.188 114.889 1198.764 3.212 0.000 376.276 0.000 0.095 0.159 0.000
b03 Buried Sink 1652+50 3.600 15,812 0.293 0.143 0.249 0.000 51.314 311.532 2.650 39.417 326.962 1.045 0.232 98.625 0.000 0.032 0.047 0.001
b06 Buried Sink 1672+00 4.730 20,776 0.189 0.098 0.170 0.000 34.002 228.363 1.835 28.139 242.434 0.752 0.102 73.667 0.000 0.023 0.034 0.000
b07 Buried Sink 1672+00 1.010 4,436 0.568 0.363 0.615 0.000 111.906 987.569 6.894 114.341 1075.262 3.117 0.000 331.918 0.000 0.093 0.148 0.001
b08 Buried Sink 1675+00 1.140 5,007 0.616 0.356 0.609 0.000 115.918 903.974 6.710 107.482 973.942 2.905 0.051 298.703 0.000 0.087 0.136 0.001
b09 Buried Sink 1675+00 1.340 5,886 0.564 0.315 0.541 0.000 104.562 779.340 5.922 93.630 836.127 2.522 0.131 255.763 0.000 0.076 0.117 0.001
b10 Buried Sink 1677+00 0.980 4,304 0.891 0.468 0.809 0.000 160.859 1096.575 8.740 134.614 1165.986 3.602 0.445 354.659 0.000 0.108 0.165 0.002
b12 Buried Sink 1681+00 2.480 10,893 0.382 0.194 0.337 0.000 68.063 441.106 3.615 54.851 466.463 1.462 0.242 141.390 0.000 0.044 0.067 0.001
b15 Buried Sink 1685+00 4.240 18,623 0.181 0.100 0.172 0.000 33.421 246.951 1.885 29.729 264.725 0.800 0.047 80.935 0.000 0.024 0.037 0.000
b16 Buried Sink 1694+00 9.280 40,761 0.153 0.068 0.119 10.729 25.744 130.954 1.238 17.442 134.251 0.455 0.177 39.873 0.668 0.014 0.020 0.000
b17 Buried Sink 1695+00 12.040 52,883 0.067 0.036 0.063 0.000 12.299 87.882 0.683 10.664 93.898 0.286 0.024 28.648 0.000 0.009 0.013 0.000
b18 Buried Sink 1697+00 1.300 5,710 0.474 0.292 0.496 0.000 91.845 775.749 5.532 90.640 841.622 2.464 0.000 259.230 0.000 0.074 0.116 0.001
b19 Buried Sink 1717+00 10.030 44,055 0.104 0.051 0.089 0.000 18.259 111.541 0.945 14.089 117.152 0.374 0.081 35.355 0.000 0.011 0.017 0.000
b20 Buried Sink 1787+00 2.130 9,356 0.355 0.198 0.340 0.000 65.781 490.289 3.726 58.903 526.014 1.587 0.083 160.903 0.000 0.048 0.074 0.001
b21 Buried Sink 1813+00 8.260 36,280 0.093 0.052 0.089 0.000 17.156 126.764 0.968 15.260 135.888 0.411 0.024 41.545 0.000 0.012 0.019 0.000
sp025 Spring 1583+75 1.451 6,373 0.395 0.252 0.428 0.000 77.894 687.419 4.799 79.589 748.460 2.170 0.000 231.039 0.000 0.065 0.103 0.001
sp026 Spring 1584+00 1.451 6,373 0.395 0.252 0.428 0.000 77.894 687.419 4.799 79.589 748.460 2.170 0.000 231.039 0.000 0.065 0.103 0.001
sp028 Spring 1586+00 1.451 6,373 0.395 0.252 0.428 0.000 77.894 687.419 4.799 79.589 748.460 2.170 0.000 231.039 0.000 0.065 0.103 0.001
sp032 Spring 1632+00 9.600 42,166 0.100 0.051 0.088 0.000 17.749 114.240 0.940 14.231 120.714 0.379 0.065 36.572 0.000 0.011 0.017 0.000
sp083 Spring 1939+50 1.114 4,893 0.582 0.350 0.596 0.000 111.471 912.697 6.610 107.355 987.592 2.912 0.000 303.698 0.000 0.087 0.137 0.001
sp112 Spring 2110+00 0.552 2,425 1.795 0.897 1.557 0.000 317.336 2001.760 16.658 250.688 2110.366 6.666 1.259 638.422 0.000 0.201 0.303 0.004
sp122 Spring 2140+00 10.428 45,803 0.249 0.095 0.171 79.215 39.719 145.621 1.705 21.714 140.814 0.549 0.406 40.128 2.762 0.017 0.023 0.001
sp124 Spring 2145+00 2.486 10,919 0.304 0.170 0.292 0.000 56.361 420.079 3.192 50.468 450.688 1.360 0.071 137.861 0.000 0.041 0.063 0.001

Runoff Volume inside 
R/WID Type

Approx. Station Runoff Area inside 
R/W

Table #2‐5:  1‐Year/1‐Hour Average Pollutant Concentration of Karst Features  for Pre‐Construction (Existing) Conditions ‐ I‐69 Refined Preferred Alternative #8

Average Concentration

USS I‐69 Refined Preferred Alternative 8_Proposed Conditions_Section 5 Karst Calculations.xlsx

JPeyton
Text Box
 Post‐Construction (Proposed) Conditions



sp128 Spring 2150+00 15.769 69,262 0.181 0.068 0.122 62.855 28.792 100.670 1.218 15.290 96.328 0.385 0.306 27.234 2.152 0.012 0.016 0.000
sp136 Spring 2161+50 0.534 2,345 0.794 0.599 1.002 0.000 169.881 1795.591 11.538 200.872 1980.692 5.538 0.000 616.242 0.000 0.165 0.268 0.001

0.262 0.042 0.254 n/a n/a n/a n/a n/a n/a n/a n/a 860 n/a 0.011 3.679 n/a
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a n/a n/a 230 n/a 0.002 0.438 n/a
0.050 n/a n/a n/a n/a n/a n/a n/a n/a 0.010 n/a n/a n/a 0.010 170.000 0.00014
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a 0.010 n/a 230 n/a 0.002 0.438 0.00014
57 57 45 57 31 57 3 56

5.197 1.946 3.497 10.932 1003.808 0.338 0.445 0.012
i017 i017 i017 i017 b182 i017 i252 i017Highest concentration feature ID

Number of features exceeding water quality standards
Highest concentration

Acute Aquatic Criterion, AAC (Table 2, 327 IAC 2‐1‐6)
Chronic Aquatic Criterion, CAC (Table 2, 327 IAC 2‐1‐6)

Point of Water Intake Human Health (Table 1, 327 IAC 2‐1‐6)
Values in shaded cells exceed one of the water quality standards
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Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (acres) (cf) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

i219 sinkhole 1557+00 1.055 12,102 0.247 0.145 0.248 0.000 46.835 372.079 2.736 44.056 401.549 1.192 0.004 123.280 0.000 0.036 0.056 0.000
i379 sinkhole 1570+00 6.085 69,800 0.127 0.051 0.091 29.492 20.638 86.169 0.924 12.250 85.514 0.314 0.186 24.833 1.113 0.010 0.013 0.000
i017 sinkhole 1573+00 0.561 6,435 1.187 0.496 0.879 203.196 195.696 885.931 9.011 122.500 891.789 3.163 1.601 261.574 8.437 0.097 0.136 0.003
i015 sinkhole 1577+00 0.823 9,440 0.546 0.257 0.449 0.000 94.158 536.004 4.733 69.046 558.068 1.820 0.511 167.460 0.691 0.055 0.081 0.001
i387 sinkhole 1579+00 0.659 7,559 0.156 0.158 0.259 0.000 39.291 533.917 3.098 57.382 597.530 1.604 0.000 187.500 0.000 0.047 0.079 0.000
i168 sinkhole 1586+00 16.419 188,339 0.050 0.020 0.036 13.057 8.162 32.823 0.361 4.729 32.343 0.121 0.077 9.345 0.478 0.004 0.005 0.000
i020 sinkhole 1591+00 15.533 178,176 0.040 0.017 0.030 5.278 6.571 31.137 0.308 4.241 31.577 0.110 0.050 9.310 0.241 0.003 0.005 0.000
i024 sinkhole 1596+00 0.488 5,598 0.597 0.333 0.571 0.000 110.602 820.572 6.251 98.690 879.975 2.658 0.148 269.102 0.000 0.080 0.123 0.001
i023 sinkhole 1597+00 1.705 19,558 0.164 0.093 0.160 0.000 30.627 233.080 1.752 27.868 250.557 0.752 0.027 76.737 0.000 0.023 0.035 0.000
i025 sinkhole 1599+00 2.240 25,695 0.214 0.099 0.173 0.000 36.632 200.458 1.812 26.119 207.627 0.686 0.218 62.090 0.517 0.021 0.030 0.000
i050 sinkhole 1605+00 1.345 15,428 0.192 0.113 0.193 0.000 36.476 291.402 2.137 34.461 314.638 0.933 0.000 96.627 0.000 0.028 0.044 0.000
i412 sinkhole 1715+00 0.659 7,559 0.360 0.221 0.376 0.000 69.652 586.449 4.189 68.568 636.080 1.863 0.000 195.889 0.000 0.056 0.088 0.001
i040 sinkhole 1777+00 9.851 112,999 0.091 0.036 0.063 26.045 14.637 56.494 0.639 8.263 55.220 0.210 0.143 15.861 0.931 0.006 0.009 0.000
i042 sinkhole 1780+00 1.807 20,728 0.169 0.092 0.159 0.000 31.035 223.621 1.730 27.082 239.127 0.728 0.057 72.996 0.000 0.022 0.034 0.000
i426 sinkhole 1790+00 2.542 29,159 0.161 0.078 0.136 0.000 28.137 169.475 1.448 21.490 177.700 0.569 0.131 53.568 0.000 0.017 0.026 0.000
i430 sinkhole 1800+00 1.288 14,774 0.351 0.165 0.288 0.000 60.437 342.965 3.034 44.219 356.937 1.165 0.330 107.078 0.477 0.035 0.052 0.001
i044 sinkhole 1680+00 2.752 31,568 0.082 0.052 0.088 0.000 16.041 139.329 0.980 16.184 151.507 0.441 0.000 46.732 0.000 0.013 0.021 0.000
b182 sinkhole 1869+00 0.323 3,705 0.283 0.311 0.508 0.000 74.730 1079.921 6.125 115.072 1212.210 3.225 0.000 381.044 0.000 0.095 0.160 0.000
i205 sinkhole 1869+00 0.561 6,435 0.184 0.185 0.305 0.000 46.155 627.186 3.639 67.406 701.911 1.884 0.000 220.254 0.000 0.056 0.093 0.000
i116 sinkhole 1905+00 2.353 26,991 0.266 0.113 0.200 37.935 44.122 206.835 2.057 28.272 209.399 0.732 0.344 61.664 1.685 0.022 0.032 0.001
i174 sinkhole 1936+00 1.210 13,880 0.297 0.152 0.263 0.000 53.019 345.498 2.823 42.902 365.581 1.144 0.184 110.855 0.000 0.035 0.052 0.001
i229 sinkhole 2122+00 0.464 5,322 0.364 0.268 0.450 0.000 76.985 794.950 5.161 89.302 875.543 2.459 0.000 272.151 0.000 0.073 0.119 0.001
i252 sinkhole 2129+00 0.333 3,820 0.430 0.350 0.582 0.000 95.676 1087.616 6.775 120.161 1205.252 3.327 0.000 376.009 0.000 0.099 0.162 0.001
i192 sinkhole 2131+00 1.709 19,604 0.266 0.125 0.218 0.000 45.754 258.833 2.294 33.402 269.269 0.880 0.252 80.757 0.386 0.027 0.039 0.001
i269 sinkhole 2145+50 0.336 3,854 0.419 0.344 0.573 0.000 93.777 1076.097 6.677 118.703 1193.165 3.288 0.000 372.364 0.000 0.098 0.160 0.001
i471 sinkhole 2149+00 0.801 9,188 0.164 0.141 0.234 0.000 37.584 448.364 2.738 49.147 498.278 1.364 0.000 155.713 0.000 0.040 0.067 0.000
i048 sinkhole 2153+00 0.659 7,559 0.274 0.194 0.327 0.000 56.868 564.330 3.729 63.858 619.849 1.754 0.000 192.357 0.000 0.052 0.084 0.000
i054 sinkhole 2155+00 4.937 56,631 0.075 0.038 0.065 0.000 13.279 85.169 0.702 10.619 89.961 0.283 0.049 27.248 0.000 0.009 0.013 0.000
i075 sinkhole 2185+00 8.743 100,289 0.063 0.028 0.049 5.051 10.630 53.512 0.509 7.150 54.775 0.186 0.074 16.252 0.293 0.006 0.008 0.000
i055 sinkhole 2192+50 0.760 8,718 0.325 0.195 0.333 0.000 62.243 511.710 3.698 60.136 553.894 1.631 0.000 170.367 0.000 0.049 0.077 0.001
i084 sinkhole 2197+00 0.426 4,887 0.579 0.349 0.594 0.000 111.044 912.909 6.598 107.285 988.168 2.911 0.000 303.941 0.000 0.087 0.137 0.001
i064 sinkhole 2208+00 0.401 4,600 0.574 0.358 0.608 0.000 111.839 959.222 6.789 111.717 1041.995 3.040 0.000 321.197 0.000 0.091 0.144 0.001
i194 sinkhole 2244+00 0.857 9,830 0.095 0.114 0.185 0.000 26.527 404.183 2.250 42.767 454.797 1.202 0.000 143.161 0.000 0.035 0.060 0.000
b03 Buried Sink 1652+50 3.600 41,295 0.071 0.042 0.072 0.000 13.530 108.702 0.795 12.839 117.428 0.348 0.000 36.074 0.000 0.010 0.016 0.000
b06 Buried Sink 1672+00 4.730 54,257 0.047 0.030 0.050 0.000 9.185 80.807 0.565 9.362 87.961 0.255 0.000 27.148 0.000 0.008 0.012 0.000
b07 Buried Sink 1672+00 1.010 11,586 0.149 0.117 0.196 0.000 32.587 360.394 2.271 40.001 398.699 1.106 0.000 124.260 0.000 0.033 0.054 0.000
b08 Buried Sink 1675+00 1.140 13,077 0.156 0.112 0.188 0.000 32.566 325.690 2.145 36.801 357.925 1.011 0.000 111.111 0.000 0.030 0.049 0.000
b09 Buried Sink 1675+00 1.340 15,371 0.142 0.098 0.165 0.000 29.015 279.346 1.872 31.791 306.166 0.872 0.000 94.889 0.000 0.026 0.042 0.000
b10 Buried Sink 1677+00 0.980 11,241 0.221 0.142 0.241 0.000 43.614 388.779 2.701 44.921 423.638 1.225 0.000 130.835 0.000 0.037 0.058 0.000
b12 Buried Sink 1681+00 2.480 28,448 0.094 0.058 0.099 0.000 18.225 155.345 1.103 18.116 168.664 0.493 0.000 51.975 0.000 0.015 0.023 0.000
b15 Buried Sink 1685+00 4.240 48,636 0.045 0.031 0.052 0.000 9.253 88.427 0.595 10.078 96.865 0.276 0.000 30.011 0.000 0.008 0.013 0.000
b16 Buried Sink 1694+00 9.280 106,449 0.036 0.019 0.033 0.000 6.535 44.394 0.355 5.455 47.187 0.146 0.018 14.350 0.000 0.004 0.007 0.000
b17 Buried Sink 1695+00 12.040 138,108 0.017 0.011 0.019 0.000 3.375 31.342 0.214 3.592 34.260 0.098 0.000 10.601 0.000 0.003 0.005 0.000
b18 Buried Sink 1697+00 1.300 14,912 0.123 0.094 0.156 0.000 26.398 281.867 1.803 31.476 311.130 0.868 0.000 96.839 0.000 0.026 0.042 0.000
b19 Buried Sink 1717+00 10.030 115,052 0.025 0.015 0.026 0.000 4.821 38.955 0.284 4.595 42.103 0.125 0.000 12.938 0.000 0.004 0.006 0.000
b20 Buried Sink 1787+00 2.130 24,433 0.089 0.062 0.104 0.000 18.254 175.739 1.178 20.000 192.612 0.548 0.000 59.695 0.000 0.016 0.026 0.000
b21 Buried Sink 1813+00 8.260 94,749 0.023 0.016 0.027 0.000 4.750 45.391 0.305 5.173 49.723 0.142 0.000 15.405 0.000 0.004 0.007 0.000
sp025 Spring 1583+75 1.451 16,644 0.103 0.082 0.136 0.000 22.683 250.860 1.581 27.844 277.523 0.770 0.000 86.494 0.000 0.023 0.037 0.000
sp026 Spring 1584+00 1.451 16,644 0.103 0.082 0.136 0.000 22.683 250.860 1.581 27.844 277.523 0.770 0.000 86.494 0.000 0.023 0.037 0.000
sp028 Spring 1586+00 1.451 16,644 0.103 0.082 0.136 0.000 22.683 250.860 1.581 27.844 277.523 0.770 0.000 86.494 0.000 0.023 0.037 0.000
sp032 Spring 1632+00 9.600 110,120 0.024 0.015 0.026 0.000 4.745 40.194 0.286 4.693 43.618 0.128 0.000 13.437 0.000 0.004 0.006 0.000
sp083 Spring 1939+50 1.114 12,778 0.150 0.111 0.186 0.000 31.751 330.565 2.138 37.080 364.278 1.021 0.000 113.268 0.000 0.030 0.049 0.000
sp112 Spring 2110+00 0.552 6,332 0.438 0.267 0.454 0.000 84.425 702.327 5.046 82.328 760.993 2.235 0.000 234.212 0.000 0.067 0.105 0.001
sp122 Spring 2140+00 10.428 119,618 0.057 0.025 0.043 6.746 9.518 45.914 0.448 6.218 46.694 0.162 0.071 13.793 0.324 0.005 0.007 0.000
sp124 Spring 2145+00 2.486 28,516 0.077 0.053 0.089 0.000 15.640 150.572 1.009 17.136 165.029 0.470 0.000 51.147 0.000 0.014 0.023 0.000

Runoff Volume inside 
R/WID Type

Approx. Station Runoff Area inside 
R/W

Table #2‐6:  2‐Year/24‐Hour Average Pollutant Concentration of Karst Features  for Post‐Construction (Proposed) Conditions ‐ I‐69 Refined Preferred Alternative #8

Average Concentration
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sp128 Spring 2150+00 15.769 180,883 0.041 0.017 0.031 6.768 6.851 31.325 0.317 4.317 31.585 0.112 0.055 9.275 0.286 0.003 0.005 0.000
sp136 Spring 2161+50 0.534 6,125 0.219 0.203 0.335 0.000 52.432 665.721 3.965 72.268 742.409 2.013 0.000 232.480 0.000 0.060 0.099 0.000

0.262 0.042 0.254 n/a n/a n/a n/a n/a n/a n/a n/a 860 n/a 0.011 3.679 n/a
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a n/a n/a 230 n/a 0.002 0.438 n/a
0.050 n/a n/a n/a n/a n/a n/a n/a n/a 0.010 n/a n/a n/a 0.010 170.000 0.00014
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a 0.010 n/a 230 n/a 0.002 0.438 0.00014
57 48 21 57 10 57 0 42

1.187 0.496 0.879 3.327 381.044 0.099 0.162 0.003
i017 i017 i017 i252 b182 i252 i252 i017

Number of features exceeding water quality standards
Highest concentration

Highest concentration feature ID

Point of Water Intake Human Health (Table 1, 327 IAC 2‐1‐6)
Values in shaded cells exceed one of the water quality standards

Acute Aquatic Criterion, AAC (Table 2, 327 IAC 2‐1‐6)
Chronic Aquatic Criterion, CAC (Table 2, 327 IAC 2‐1‐6)
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Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (acres) (cf) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

i219 sinkhole 1557+00 1.055 15,012 0.221 0.124 0.212 0.000 40.962 305.491 2.321 36.697 327.770 0.989 0.051 100.265 0.000 0.030 0.046 0.000
i379 sinkhole 1570+00 6.085 86,587 0.115 0.045 0.081 31.829 18.580 72.825 0.815 10.591 71.402 0.270 0.179 20.555 1.147 0.008 0.011 0.000
i017 sinkhole 1573+00 0.561 7,983 1.077 0.437 0.778 238.230 175.712 745.240 7.909 105.366 741.692 2.703 1.557 215.823 9.117 0.083 0.114 0.002
i015 sinkhole 1577+00 0.823 11,711 0.493 0.223 0.392 13.266 83.795 445.741 4.099 58.568 459.892 1.535 0.529 137.175 1.575 0.047 0.068 0.001
i387 sinkhole 1579+00 0.659 9,377 0.134 0.130 0.214 0.000 32.854 432.445 2.540 46.692 483.181 1.303 0.000 151.474 0.000 0.039 0.064 0.000
i168 sinkhole 1586+00 16.419 233,636 0.046 0.018 0.032 13.746 7.356 27.803 0.319 4.098 27.059 0.104 0.073 7.748 0.486 0.003 0.004 0.000
i020 sinkhole 1591+00 15.533 221,028 0.036 0.015 0.026 6.715 5.890 26.127 0.269 3.638 26.209 0.094 0.049 7.669 0.270 0.003 0.004 0.000
i024 sinkhole 1596+00 0.488 6,944 0.535 0.285 0.491 0.000 97.129 675.272 5.325 82.493 719.488 2.211 0.237 219.131 0.000 0.067 0.102 0.001
i023 sinkhole 1597+00 1.705 24,261 0.147 0.080 0.137 0.000 26.856 191.641 1.490 23.263 204.731 0.625 0.054 62.458 0.000 0.019 0.029 0.000
i025 sinkhole 1599+00 2.240 31,874 0.194 0.086 0.151 12.616 32.655 167.002 1.573 22.207 171.341 0.580 0.222 50.916 0.820 0.018 0.025 0.000
i050 sinkhole 1605+00 1.345 19,139 0.172 0.096 0.165 0.000 31.891 239.209 1.812 28.696 256.795 0.773 0.037 78.581 0.000 0.023 0.036 0.000
i412 sinkhole 1715+00 0.659 9,377 0.321 0.188 0.321 0.000 60.693 480.613 3.540 56.949 518.529 1.541 0.009 159.166 0.000 0.046 0.072 0.001
i040 sinkhole 1777+00 9.851 140,176 0.083 0.032 0.057 26.838 13.208 47.980 0.565 7.180 46.304 0.181 0.136 13.176 0.932 0.006 0.007 0.000
i042 sinkhole 1780+00 1.807 25,713 0.152 0.079 0.137 0.000 27.300 184.214 1.476 22.672 195.663 0.606 0.080 59.474 0.000 0.018 0.028 0.000
i426 sinkhole 1790+00 2.542 36,172 0.145 0.068 0.119 0.000 24.977 140.589 1.250 18.169 146.162 0.479 0.139 43.817 0.232 0.015 0.021 0.000
i430 sinkhole 1800+00 1.288 18,328 0.317 0.143 0.251 9.512 53.793 285.250 2.628 37.515 294.177 0.983 0.341 87.720 1.039 0.030 0.043 0.001
i044 sinkhole 1680+00 2.752 39,160 0.073 0.044 0.075 0.000 13.949 114.077 0.827 13.422 123.426 0.364 0.000 37.953 0.000 0.011 0.017 0.000
b182 sinkhole 1869+00 0.323 4,596 0.240 0.254 0.417 0.000 62.048 873.674 5.003 93.428 979.483 2.615 0.000 307.668 0.000 0.077 0.130 0.000
i205 sinkhole 1869+00 0.561 7,983 0.157 0.152 0.251 0.000 38.593 507.988 2.983 54.849 567.587 1.530 0.000 177.935 0.000 0.045 0.076 0.000
i116 sinkhole 1905+00 2.353 33,482 0.241 0.099 0.177 47.160 39.568 173.656 1.802 24.265 173.881 0.625 0.337 50.814 1.874 0.019 0.027 0.001
i174 sinkhole 1936+00 1.210 17,218 0.268 0.131 0.228 0.000 46.887 285.688 2.425 36.112 299.968 0.958 0.210 90.508 0.000 0.029 0.043 0.001
i229 sinkhole 2122+00 0.464 6,603 0.321 0.225 0.378 0.000 66.083 647.789 4.305 73.471 710.904 2.016 0.000 220.499 0.000 0.060 0.097 0.001
i252 sinkhole 2129+00 0.333 4,738 0.375 0.291 0.486 0.000 81.448 884.229 5.616 98.456 977.069 2.719 0.000 304.304 0.000 0.081 0.132 0.001
i192 sinkhole 2131+00 1.709 24,318 0.240 0.108 0.190 7.950 40.730 215.306 1.987 28.343 221.948 0.742 0.260 66.163 0.807 0.023 0.033 0.001
i269 sinkhole 2145+50 0.336 4,781 0.366 0.286 0.478 0.000 79.763 874.677 5.532 97.224 967.128 2.686 0.000 301.322 0.000 0.080 0.130 0.001
i471 sinkhole 2149+00 0.801 11,398 0.143 0.117 0.194 0.000 31.851 364.125 2.263 40.191 403.646 1.113 0.000 125.953 0.000 0.033 0.054 0.000
i048 sinkhole 2153+00 0.659 9,377 0.242 0.163 0.276 0.000 48.971 460.332 3.119 52.630 503.646 1.441 0.000 155.927 0.000 0.043 0.069 0.000
i054 sinkhole 2155+00 4.937 70,252 0.067 0.033 0.057 0.000 11.752 70.470 0.604 8.947 73.850 0.237 0.055 22.255 0.000 0.007 0.011 0.000
i075 sinkhole 2185+00 8.743 124,409 0.057 0.024 0.043 7.962 9.508 44.761 0.444 6.110 45.347 0.158 0.074 13.360 0.357 0.005 0.007 0.000
i055 sinkhole 2192+50 0.760 10,814 0.290 0.166 0.285 0.000 54.321 419.673 3.130 50.005 451.770 1.351 0.033 138.482 0.000 0.041 0.063 0.001
i084 sinkhole 2197+00 0.426 6,062 0.516 0.297 0.508 0.000 96.911 748.713 5.584 89.210 805.975 2.410 0.059 247.057 0.000 0.072 0.113 0.001
i064 sinkhole 2208+00 0.401 5,706 0.511 0.303 0.518 0.000 97.334 785.670 5.731 92.702 849.089 2.512 0.000 260.907 0.000 0.075 0.118 0.001
i194 sinkhole 2244+00 0.857 12,195 0.080 0.093 0.151 0.000 21.883 326.685 1.832 34.659 367.256 0.973 0.000 115.544 0.000 0.029 0.049 0.000
b03 Buried Sink 1652+50 3.600 51,227 0.064 0.036 0.061 0.000 11.825 89.217 0.674 10.688 95.828 0.288 0.012 29.334 0.000 0.009 0.013 0.000
b06 Buried Sink 1672+00 4.730 67,306 0.041 0.025 0.043 0.000 7.980 66.137 0.476 7.759 71.638 0.211 0.000 22.044 0.000 0.006 0.010 0.000
b07 Buried Sink 1672+00 1.010 14,372 0.130 0.098 0.164 0.000 27.810 293.187 1.886 32.814 323.356 0.905 0.000 100.594 0.000 0.027 0.044 0.000
b08 Buried Sink 1675+00 1.140 16,222 0.138 0.094 0.158 0.000 28.026 265.616 1.793 30.320 290.784 0.830 0.000 90.059 0.000 0.025 0.040 0.000
b09 Buried Sink 1675+00 1.340 19,068 0.126 0.082 0.139 0.000 25.044 228.049 1.568 26.237 248.908 0.717 0.000 76.949 0.000 0.021 0.034 0.000
b10 Buried Sink 1677+00 0.980 13,945 0.196 0.120 0.204 0.000 37.857 318.074 2.274 37.206 344.931 1.011 0.000 106.214 0.000 0.030 0.048 0.000
b12 Buried Sink 1681+00 2.480 35,289 0.083 0.049 0.084 0.000 15.868 127.262 0.931 15.037 137.457 0.407 0.000 42.223 0.000 0.012 0.019 0.000
b15 Buried Sink 1685+00 4.240 60,334 0.040 0.026 0.044 0.000 7.991 72.204 0.498 8.320 78.761 0.227 0.000 24.340 0.000 0.007 0.011 0.000
b16 Buried Sink 1694+00 9.280 132,051 0.033 0.016 0.028 0.000 5.767 36.650 0.304 4.581 38.672 0.122 0.022 11.705 0.000 0.004 0.006 0.000
b17 Buried Sink 1695+00 12.040 171,324 0.015 0.009 0.016 0.000 2.921 25.612 0.179 2.969 27.872 0.081 0.000 8.601 0.000 0.002 0.004 0.000
b18 Buried Sink 1697+00 1.300 18,498 0.108 0.078 0.131 0.000 22.596 229.497 1.501 25.858 252.480 0.711 0.000 78.427 0.000 0.021 0.034 0.000
b19 Buried Sink 1717+00 10.030 142,723 0.023 0.013 0.022 0.000 4.212 31.966 0.241 3.824 34.354 0.103 0.004 10.520 0.000 0.003 0.005 0.000
b20 Buried Sink 1787+00 2.130 30,309 0.079 0.052 0.088 0.000 15.756 143.468 0.987 16.506 156.590 0.451 0.000 48.409 0.000 0.013 0.021 0.000
b21 Buried Sink 1813+00 8.260 117,536 0.021 0.013 0.023 0.000 4.102 37.063 0.256 4.271 40.429 0.117 0.000 12.494 0.000 0.003 0.006 0.000
sp025 Spring 1583+75 1.451 20,647 0.091 0.068 0.114 0.000 19.358 204.079 1.313 22.841 225.079 0.630 0.000 70.021 0.000 0.019 0.030 0.000
sp026 Spring 1584+00 1.451 20,647 0.091 0.068 0.114 0.000 19.358 204.079 1.313 22.841 225.079 0.630 0.000 70.021 0.000 0.019 0.030 0.000
sp028 Spring 1586+00 1.451 20,647 0.091 0.068 0.114 0.000 19.358 204.079 1.313 22.841 225.079 0.630 0.000 70.021 0.000 0.019 0.030 0.000
sp032 Spring 1632+00 9.600 136,604 0.022 0.013 0.022 0.000 4.133 32.934 0.242 3.897 35.552 0.105 0.000 10.917 0.000 0.003 0.005 0.000
sp083 Spring 1939+50 1.114 15,852 0.132 0.093 0.156 0.000 27.236 269.315 1.783 30.495 295.737 0.837 0.000 91.762 0.000 0.025 0.040 0.000
sp112 Spring 2110+00 0.552 7,855 0.391 0.226 0.387 0.000 73.624 575.794 4.268 68.417 620.522 1.850 0.029 190.341 0.000 0.055 0.087 0.001
sp122 Spring 2140+00 10.428 148,386 0.052 0.022 0.038 8.978 8.527 38.490 0.392 5.327 38.725 0.138 0.070 11.355 0.371 0.004 0.006 0.000
sp124 Spring 2145+00 2.486 35,375 0.068 0.044 0.075 0.000 13.499 122.923 0.845 14.142 134.166 0.386 0.000 41.477 0.000 0.012 0.018 0.000

Runoff Volume inside 
R/WID Type

Approx. Station Runoff Area inside 
R/W

Table #2‐7:  5‐Year/24‐Hour Average Pollutant Concentration of Karst Features  for Post‐Construction (Proposed) Conditions ‐ I‐69 Refined Preferred Alternative #8

Average Concentration
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sp128 Spring 2150+00 15.769 224,387 0.038 0.015 0.027 8.052 6.149 26.336 0.278 3.711 26.257 0.095 0.054 7.650 0.311 0.003 0.004 0.000
sp136 Spring 2161+50 0.534 7,599 0.190 0.168 0.278 0.000 44.161 539.930 3.264 58.954 600.877 1.639 0.000 187.931 0.000 0.049 0.080 0.000

0.262 0.042 0.254 n/a n/a n/a n/a n/a n/a n/a n/a 860 n/a 0.011 3.679 n/a
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a n/a n/a 230 n/a 0.002 0.438 n/a
0.050 n/a n/a n/a n/a n/a n/a n/a n/a 0.010 n/a n/a n/a 0.010 170.000 0.00014
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a 0.010 n/a 230 n/a 0.002 0.438 0.00014
57 46 16 57 5 57 0 39

1.077 0.437 0.778 2.719 307.668 0.083 0.132 0.002
i017 i017 i017 i252 b182 i017 i252 i017

Number of features exceeding water quality standards
Highest concentration

Highest concentration feature ID

Point of Water Intake Human Health (Table 1, 327 IAC 2‐1‐6)
Values in shaded cells exceed one of the water quality standards

Acute Aquatic Criterion, AAC (Table 2, 327 IAC 2‐1‐6)
Chronic Aquatic Criterion, CAC (Table 2, 327 IAC 2‐1‐6)

USS I‐69 Refined Preferred Alternative 8_Proposed Conditions_Section 5 Karst Calculations.xlsx



Lead Copper Zinc TSS VSS TVS TKN TOC COD TN TPO4 CL‐ Fe Cd Cr Hg
(feet) (acres) (cf) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

i219 sinkhole 1557+00 1.055 4,596 1.029 0.499 0.869 0.000 179.656 1077.263 9.228 136.766 1128.928 3.622 0.845 340.201 0.000 0.110 0.163 0.002
i379 sinkhole 1570+00 6.085 26,506 0.563 0.206 0.371 219.092 88.468 285.952 3.659 44.830 268.512 1.118 0.995 74.822 7.330 0.035 0.044 0.001
i017 sinkhole 1573+00 0.561 2,444 5.242 1.963 3.527 1842.035 830.660 2878.552 35.055 438.758 2748.761 11.025 8.885 775.942 62.878 0.341 0.446 0.012
i015 sinkhole 1577+00 0.823 3,585 2.368 0.964 1.714 510.905 386.542 1651.280 17.441 232.883 1645.555 5.979 3.397 479.275 19.692 0.183 0.253 0.005
i387 sinkhole 1579+00 0.659 2,871 0.551 0.459 0.763 0.000 124.195 1441.847 8.903 158.744 1599.815 4.400 0.000 499.477 0.000 0.131 0.215 0.001
i168 sinkhole 1586+00 16.419 71,521 0.224 0.081 0.146 90.935 35.137 110.041 1.440 17.480 102.496 0.434 0.404 28.379 3.019 0.013 0.017 0.001
i020 sinkhole 1591+00 15.533 67,662 0.174 0.066 0.119 57.092 27.724 100.025 1.184 15.008 96.385 0.379 0.287 27.395 1.977 0.012 0.015 0.000
i024 sinkhole 1596+00 0.488 2,126 2.512 1.168 2.042 0.000 431.213 2403.007 21.487 311.448 2494.981 8.196 2.462 747.308 4.754 0.249 0.365 0.005
i023 sinkhole 1597+00 1.705 7,427 0.687 0.324 0.566 0.000 118.707 679.626 5.981 87.405 708.121 2.305 0.635 212.590 0.753 0.070 0.103 0.001
i025 sinkhole 1599+00 2.240 9,757 0.932 0.374 0.666 226.376 151.348 622.838 6.743 89.000 616.439 2.276 1.386 178.668 8.438 0.070 0.096 0.002
i050 sinkhole 1605+00 1.345 5,859 0.799 0.389 0.677 0.000 139.724 842.923 7.195 106.837 883.999 2.830 0.645 266.519 0.000 0.086 0.128 0.002
i412 sinkhole 1715+00 0.659 2,871 1.484 0.748 1.297 0.000 263.222 1682.400 13.897 209.964 1776.343 5.589 0.992 537.892 0.000 0.169 0.254 0.003
i040 sinkhole 1777+00 9.851 42,911 0.406 0.145 0.262 171.177 63.295 191.597 2.571 30.878 176.841 0.765 0.743 48.607 5.643 0.024 0.030 0.001
i042 sinkhole 1780+00 1.807 7,871 0.714 0.326 0.572 7.798 121.791 658.193 5.995 86.076 680.574 2.259 0.744 203.293 1.972 0.069 0.100 0.002
i426 sinkhole 1790+00 2.542 11,073 0.694 0.290 0.514 120.858 114.398 516.021 5.261 71.438 519.117 1.844 0.941 152.200 4.989 0.056 0.079 0.002
i430 sinkhole 1800+00 1.288 5,611 1.521 0.619 1.100 331.628 248.239 1057.286 11.189 149.266 1053.053 3.831 2.189 306.589 12.744 0.117 0.162 0.003
i044 sinkhole 1680+00 2.752 11,988 0.336 0.173 0.299 0.000 60.111 397.818 3.223 49.203 421.659 1.313 0.194 127.998 0.000 0.040 0.060 0.001
b182 sinkhole 1869+00 0.323 1,407 0.957 0.885 1.461 0.000 228.507 2898.673 17.270 314.710 3232.427 8.765 0.000 1012.181 0.000 0.260 0.431 0.001
i205 sinkhole 1869+00 0.561 2,444 0.647 0.539 0.896 0.000 145.890 1693.720 10.458 186.475 1879.284 5.169 0.000 586.730 0.000 0.153 0.252 0.001
i116 sinkhole 1905+00 2.353 10,250 1.172 0.444 0.796 391.044 186.432 666.208 7.941 100.330 640.612 2.529 1.946 181.791 13.494 0.078 0.103 0.003
i174 sinkhole 1936+00 1.210 5,271 1.272 0.551 0.972 138.279 212.434 1035.802 10.050 139.802 1055.155 3.635 1.563 312.038 6.885 0.111 0.158 0.003
i229 sinkhole 2122+00 0.464 2,021 1.433 0.853 1.456 0.000 273.384 2215.622 16.128 261.192 2395.310 7.079 0.000 736.188 0.000 0.212 0.333 0.003
i252 sinkhole 2129+00 0.333 1,451 1.641 1.079 1.825 0.000 327.836 2995.364 20.566 344.382 3270.192 9.410 0.000 1011.128 0.000 0.281 0.449 0.003
i192 sinkhole 2131+00 1.709 7,444 1.153 0.468 0.833 253.832 188.027 798.459 8.467 112.842 794.835 2.895 1.664 231.323 9.726 0.089 0.123 0.003
i269 sinkhole 2145+50 0.336 1,464 1.594 1.059 1.790 0.000 320.125 2960.343 20.210 339.545 3234.919 9.285 0.000 1000.778 0.000 0.277 0.443 0.003
i471 sinkhole 2149+00 0.801 3,489 0.615 0.428 0.720 0.000 126.258 1227.903 8.189 139.474 1346.778 3.826 0.000 417.584 0.000 0.114 0.184 0.001
i048 sinkhole 2153+00 0.659 2,871 1.091 0.626 1.072 0.000 204.684 1581.114 11.794 188.398 1702.016 5.089 0.126 521.717 0.000 0.153 0.238 0.002
i054 sinkhole 2155+00 4.937 21,506 0.320 0.138 0.243 39.288 53.367 256.116 2.510 34.743 260.259 0.902 0.402 76.837 1.855 0.028 0.039 0.001
i075 sinkhole 2185+00 8.743 38,085 0.277 0.108 0.192 81.620 44.475 169.435 1.932 24.902 165.171 0.632 0.439 47.350 2.897 0.019 0.026 0.001
i055 sinkhole 2192+50 0.760 3,311 1.343 0.666 1.157 0.000 236.701 1473.455 12.354 185.178 1551.018 4.919 0.986 468.747 0.000 0.149 0.223 0.003
i084 sinkhole 2197+00 0.426 1,856 2.397 1.188 2.064 0.000 422.283 2628.700 22.039 330.364 2767.074 8.775 1.759 836.262 0.000 0.265 0.398 0.005
i064 sinkhole 2208+00 0.401 1,747 2.358 1.204 2.085 0.000 420.551 2744.035 22.406 340.623 2903.958 9.082 1.453 880.645 0.000 0.274 0.414 0.005
i194 sinkhole 2244+00 0.857 3,733 0.310 0.318 0.522 0.000 78.621 1079.518 6.239 115.849 1208.763 3.239 0.000 379.414 0.000 0.096 0.160 0.000
b03 Buried Sink 1652+50 3.600 15,682 0.296 0.144 0.251 0.000 51.756 314.153 2.672 39.751 329.705 1.054 0.235 99.451 0.000 0.032 0.048 0.001
b06 Buried Sink 1672+00 4.730 20,604 0.191 0.099 0.172 0.000 34.294 230.282 1.851 28.377 244.466 0.758 0.103 74.284 0.000 0.023 0.035 0.000
b07 Buried Sink 1672+00 1.010 4,400 0.573 0.366 0.620 0.000 112.863 995.841 6.952 115.303 1084.254 3.143 0.000 334.691 0.000 0.094 0.149 0.001
b08 Buried Sink 1675+00 1.140 4,966 0.621 0.359 0.614 0.000 116.912 911.556 6.767 108.388 982.094 2.929 0.052 301.200 0.000 0.088 0.137 0.001
b09 Buried Sink 1675+00 1.340 5,837 0.569 0.318 0.546 0.000 105.460 785.880 5.972 94.420 843.128 2.544 0.133 257.902 0.000 0.076 0.118 0.001
b10 Buried Sink 1677+00 0.980 4,269 0.899 0.472 0.815 0.000 162.242 1105.787 8.815 135.752 1175.757 3.632 0.449 357.626 0.000 0.109 0.167 0.002
b12 Buried Sink 1681+00 2.480 10,803 0.386 0.196 0.340 0.000 68.649 444.814 3.646 55.315 470.374 1.474 0.245 142.574 0.000 0.044 0.067 0.001
b15 Buried Sink 1685+00 4.240 18,469 0.182 0.101 0.174 0.000 33.708 249.024 1.901 29.980 266.942 0.807 0.048 81.611 0.000 0.024 0.037 0.000
b16 Buried Sink 1694+00 9.280 40,424 0.154 0.068 0.120 10.851 25.967 132.059 1.248 17.590 135.380 0.459 0.178 40.207 0.674 0.014 0.020 0.000
b17 Buried Sink 1695+00 12.040 52,446 0.068 0.037 0.063 0.000 12.405 88.620 0.689 10.754 94.684 0.289 0.025 28.888 0.000 0.009 0.013 0.000
b18 Buried Sink 1697+00 1.300 5,663 0.478 0.294 0.501 0.000 92.631 782.249 5.579 91.403 848.662 2.484 0.000 261.396 0.000 0.074 0.117 0.001
b19 Buried Sink 1717+00 10.030 43,691 0.105 0.051 0.090 0.000 18.416 112.480 0.953 14.209 118.135 0.377 0.082 35.651 0.000 0.011 0.017 0.000
b20 Buried Sink 1787+00 2.130 9,278 0.358 0.200 0.343 0.000 66.346 494.403 3.757 59.400 530.419 1.600 0.084 162.248 0.000 0.048 0.074 0.001
b21 Buried Sink 1813+00 8.260 35,981 0.094 0.052 0.089 0.000 17.303 127.828 0.976 15.389 137.026 0.414 0.024 41.893 0.000 0.012 0.019 0.000
sp025 Spring 1583+75 1.451 6,321 0.399 0.254 0.432 0.000 78.561 693.177 4.839 80.259 754.718 2.188 0.000 232.969 0.000 0.065 0.104 0.001
sp026 Spring 1584+00 1.451 6,321 0.399 0.254 0.432 0.000 78.561 693.177 4.839 80.259 754.718 2.188 0.000 232.969 0.000 0.065 0.104 0.001
sp028 Spring 1586+00 1.451 6,321 0.399 0.254 0.432 0.000 78.561 693.177 4.839 80.259 754.718 2.188 0.000 232.969 0.000 0.065 0.104 0.001
sp032 Spring 1632+00 9.600 41,818 0.101 0.051 0.088 0.000 17.902 115.200 0.948 14.351 121.726 0.382 0.066 36.878 0.000 0.012 0.017 0.000
sp083 Spring 1939+50 1.114 4,853 0.587 0.352 0.601 0.000 112.426 920.348 6.666 108.259 995.855 2.936 0.000 306.236 0.000 0.088 0.138 0.001
sp112 Spring 2110+00 0.552 2,405 1.810 0.905 1.571 0.000 320.068 2018.594 16.799 252.809 2128.065 6.722 1.271 643.767 0.000 0.203 0.305 0.004
sp122 Spring 2140+00 10.428 45,424 0.251 0.096 0.172 79.931 40.063 146.858 1.720 21.900 142.005 0.554 0.410 40.466 2.786 0.017 0.023 0.001
sp124 Spring 2145+00 2.486 10,829 0.307 0.171 0.294 0.000 56.845 423.604 3.219 50.894 454.462 1.371 0.072 139.014 0.000 0.041 0.064 0.001

Table #2‐8:  50‐Year/10‐Min Average Pollutant Concentration of Karst Features  for Post‐Construction (Proposed) Conditions ‐ I‐69 Refined Preferred Alternative #8

ID Type
Average ConcentrationRunoff Volume inside 

R/W
Runoff Area inside 

R/W
Approx. Station

USS I‐69 Refined Preferred Alternative 8_Proposed Conditions_Section 5 Karst Calculations.xlsx



sp128 Spring 2150+00 15.769 68,690 0.183 0.069 0.124 63.420 29.042 101.526 1.229 15.422 97.143 0.388 0.309 27.464 2.171 0.012 0.016 0.000
sp136 Spring 2161+50 0.534 2,326 0.801 0.604 1.011 0.000 171.327 1810.606 11.635 202.557 1997.236 5.585 0.000 621.386 0.000 0.166 0.270 0.001

0.262 0.042 0.254 n/a n/a n/a n/a n/a n/a n/a n/a 860 n/a 0.011 3.679 n/a
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a n/a n/a 230 n/a 0.002 0.438 n/a
0.050 n/a n/a n/a n/a n/a n/a n/a n/a 0.010 n/a n/a n/a 0.010 170.000 0.00014
0.010 0.026 0.230 n/a n/a n/a n/a n/a n/a 0.010 n/a 230 n/a 0.002 0.438 0.00014
57 57 45 57 32 57 3 56

5.242 1.963 3.527 11.025 1012.181 0.341 0.449 0.012
i017 i017 i017 i017 b182 i017 i252 i017

Acute Aquatic Criterion, AAC (Table 2, 327 IAC 2‐1‐6)

Highest concentration feature ID

Point of Water Intake Human Health (Table 1, 327 IAC 2‐1‐6)
Values in shaded cells exceed one of the water quality standards

Number of features exceeding water quality standards

Chronic Aquatic Criterion, CAC (Table 2, 327 IAC 2‐1‐6)

Highest concentration

USS I‐69 Refined Preferred Alternative 8_Proposed Conditions_Section 5 Karst Calculations.xlsx



FHWA HIGHWAY RUNOFF WATER QUALITY TRAINING COURSE 

SOCTION 8: PREDICTION OF WATER QUALITY IMPACTS 
Estimated Time for Section: 

The CONTENT of this Section 

This section introduces impact prediction techniques developed by 
FHWA and others to assess highway runoff water quality impacts. Several 
specific procedures will be introduced either by lecture or by case study 
problems. Specific methods include estimating the highway runoff impact, 
maintenance practice impacts, groundwater impacts, and aquatic system 
impacts. Also, a brief overview of water quality models which have been 
developed to assess the impact of nonpoint pollution on watersheds 
relative to highway runoff will be provided. 

The GOAL of this Section 
Participants will become familiar with predicting quality changes in 

water quality parameters associated with highway runoff water quality. 

The PURPOSE of this Section 
To introduce participants to different qualitative and quantita- tive 

techniques for predicting highway runoff water quality impacts. 

Listing of Sessions Time 
Session 8.1 
Session 8.2 

Session 8.3 

Session 8.4 

Session 8.5 
Session 8.6 
Session 8.7 
Session 8.8 

Impact Procedures and Data Requirements 
Introduction to Highway Runoff 
Pollutant Characteristics Predictive Procedures 
Prediction of Pollutant Loadings and Runoff Concentrations 
on Highway Surfaces - Case Study 
Prediction of Loading Impacts of Highway 
Runoff - Case Study 
Prediction of Maintenance Impacts 
Prediction of Groundwater Impacts 
Aquatic System Impacts 
Introduction to Water Quality Models for 
Predicting Water Quality Impacts 
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SOCTION 8: PREDICTION OF WATER QUALITY IMPACTS 

SESSION 8 .1: IMPACT PROCEDURES AND DATA REQUIREMENTS 
Estimated Time for Completion: 

OBJECTIVES: Upon completion of this session, participants will: 
• Be introduced to a procedure for the assessment of 

effects of stormwater runoff from operating highways 
on receiving waters. 

• 

• 

SESSION OVERVIE.W: 

Be introduced to a general procedure for evaluating 
potential impacts of highway maintenance practices on 
water quality. 

Know what data may be required to assess impacts of 
highway stormwater runoff on quality. 

This session introduces general procedures for assessing potential water~ 
quality impacts of highway stormwater runoff and maintenance practices. 
The specific methods will be introduced in later sessions. An overview 
of data required to assess water quality impacts of highway stormwater 
runoff is also presented. 

8-2 
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8 .1 ; IMPACT PROCEDURES AND DATA REQUIRE!MENTS 

I. INTRODUCTION 

Data requirements to assess the need to conduct impact analysis or 
the potential effects of highway operations on surface water quality are 
identified in Table 8.1.1. This check list may be supplemented by 
site-specific data requirements. 

II. ASSESSMENT OF HIGHWAY STORMWATER RUNOFF IMPACTS 

Determining the need to assess the impact of highway stormwater 
runoff and the level of analysis depends on a number of factors. 
Selected factors include; 

• The amount of traffic anticipated or currently traveling on the 
highway. 

• The proximity of the highway site to receiving waters and their 
designated uses (e.g., drinking water, recreation, etc). 

• Local and state requirements for control of nonpoint and 
stormwater point sources. 

• Climatic factors, such as frequency and intensity of rainfall. 

• The ratio of impervious surface to total watershed area upstream 
of project site. 

• Local controversy. 

Figure 8.1.1, illustrates a procedure for assessment of effects of 
stormwater runoff from operating highways on receiving waters. The first 
step in the procedure involves determining the anticipated impacts and/or 
the degree of controversy involved. Possible criteria useful in making 
the determination are: 

• Traffic volumes in excess of 30,000 ADT~ 

• The highway site located near receiving stream where low 
dilutive capacities exist. 

• Direct discharge of highway runoff to poorly flushed areas of 
lakes, wetlands, or coastal embayments. 

If the decision is made to conduct an analysis, then either a 
seasonal/annual pollutant loading analysis or an event analysis should be 
made. 
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Table 8.1.1. Data for assessing water quality impacts of highway 
stormwater runoff. 

H 'ighway Design Features 
- length 

Nu~er of lanes an~ lane widths 
- Type of access 
- Access ramps or intersecting roads 
- Paving material 
- Type of section(s) involved (at gr~de. cut, fill) 
- Slopes (longitudinal and side) 
- ~~dian ch~racteristics (widt~. paving. barrier type) 
- Shoulder characteristics (widt~. paving, barrier type} 
- Characteristics of area outside the shoulders but wit~in the right-of-w~y 

(~i~ensiJns. topography, vegetation) 
- Total impervious surfac~ area 

Operatin9 Conditions 
- DeSlJn average 1aily traffic (ADT) 
- Proj~cte1 vehiclt composition 
- Ex~cte1 daily. weekly and seasonal traffic patterns 
- Anticipated average speeds and braking characteristics 
- Su~nary of applicable accident an1 spill data (from records on si~ilar 

highways 

Drainage Sysltm Characteristics (to the extent available during enviro~~ental 
assessment 
- C~annel types (closed conduit. paved open channel. bare open channel. 

vegetate1 open channel. unchannel~ overland flow, etc.) 
Channel dim~sions and slopes 
Soils and vegetation characteristics in flow path 
DischJrge points 
Collection systems (type, dimensions and spacings of drop boxes, etc.} 
Design flow rates 

Hydrologic Characteristics 
- Average annual precipitation (rain and snow) and monthly distribution of 

pt"ecipitation 
- Receiving water and groun::l W<:~ter data --

Streams (base flow, annual average flow, peak flow. flood plain ~aps} 
- lakes an1 reservoirs (surface area. mean depth, water residence time) 

- W~t lands ( surfact: area) 
- Groun1w~ter (locations of aquifers, recharge characteristics) 

- Su11111ary of avail able data on point and nol'lpoi nt source flows in t~ water-
she1 

Water Quality and Aquatic Biological Data 

- Summary of available receiving water and groundwater monitoring data 
(water quality~ microflora; microfauna. aquatic plants, ~enthic macro
invertebrates; fish populations, migrations and spawning areas) 

• Sensitive or unique habitats 
- Threatened and endangered species 
- Summary of available data on effluent quality of sources in the watershed 
• Beneficial use classification 
- Established water quality criteria 

Surrounding land Use Characteristics 
- lofal wdfers~ area 
- Percentage of total area in each land use category (organized as in 

Tables 3 an1 4) 

Projectft>d !iighway :-taintenance Characteristics 
- Sanding application (quantity, frequency, part1cle size description) 
- Deicing agent application (type. quantity, frequency, additives used) 
- Pesticide application (type. quantity. frequency. toxicity) 
- Roadwly ~aintenance (sweeping. washin9) 
- Right-of-way ~aintenance (mowing. ~itch cleaning, fertilizing. irrigation) 

Description of Special Features 
- Construction on woodwaste fill 
- Detention ~as1ns 
- Oil an1 grease traps 
- ather mitigative features 

Source: Horner et al., 1982 t.-4 
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Fiqure 8.1.1. Simplified procedure for determining levels of analysis 
required to assess affects of stormwater runoff from 
operating highways on receiving streams. 

Source: Dupuis and Kobriger, 1985. 
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8 .1: IMPACT PROCEDURES AND DATA REQUIREMENTS 

A.' SEASONAL/ANNUAL ANALYSIS 

The seasonal/annual analysis determines the highway pollutant 
loadings relative to other loadings in the watershed. This 
seasonal/annual pollutant loading analysis may include either a simple 
determination of loadings (in pounds/yr), or the increase in stream 
pollutant concentration, using seasonal/annual highway pollutant input 
and mean flow conditions as a first cut on whether potential water 
quality problems may occur. 

B. EVENT ANALYSIS 

If the seasonal/annual analysis indicates the potential for more 
elaborate analysis, an event analysis may require using predictive model 
procedures or a simple dilution procedure. The assumption implied in 
dilution models are conservative~ and if they show a standards 
exceedance, violations are not likely to appear under more exacting 
conditions. 

If a more complex modeling effort is required, several models have 
been developed that provide the necessary level of analysis. In the 
majority of cases, these complex, real-time dynamic models would not need 
to be used. 

Which ever approach is used, the results are compared with state 
water quality standards or, if standards have not been established~ then 
the results may be compared with water quality criteria, to determine if 
mitigation is required. 

Because of the variety of pollutants in highway stormwater runoff and 
the limited knowledge of the chemical, biological and physical impacts, 
any results may be subject to a considerable amount of uncertainty. The 
approaches presented in this section of the training course are intended 
to provide reasonable estimates of impacts based on the available 
information to date. and to provide highway agencies with the qualitative 
and quantitative procedures to make prudent planning decisions regarding 
highway stormwater runoff and water quality. 

I II. ASSESSMENT OF MAINTENANCE IMPACTS 

Assessment of highway maintenance practice impacts is generally 
dependent on the extent and magnitude of the activity and its proximity 
to receiving waters. Session 2.1 provided an overview of when 
maintenance activity impacts should be assessed. Maintenance activities 
with potential impacts on water quality that need to be addressed are 
identified in Figure 8.1.2 with a general impact assessment method or 
procedure. This method is based on methods which are described in 
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8. 1: IMPACT PROCEDURES i\ND DATA REQUIREME:NTS 

Sessions 8.5 and 8.7. As with many procedures, it contains some 
subjective aspects relative to determining potentially significant 
impacts. It is intended to quantify, to the extent possible, selected 
maintenance impacts relative to the resource value of the stream, and to 
evaluate when mitigation measures are warranted. Specific aspects of 
this general method will be described in later sessions. 
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Figure B .1. 2. . General impact assessment method for evaluating potential 
impacts to water quality from highway maintenance practices. 

Source: Kramme et al., 1985 
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SEcr'ION 8: PREDICTION OF WATER QUALITY IMPACTS 

SESSION 8. 2: INTRODUCTION TO HIGHWAY RUNOFF POLLUTANT CHARACTERISTICS 
PREDICTIVE PROCEDURES 

Estimated Time for Completion: 

OBJECTIVES: Upon completion of this session, participants will: 
• Be familiar with the sections of FHWA's Predictive 

Procedure for Determining Pollutant Characteristics in 
Highway Runoff. 

• Be familiar with other prediction methods developed to 
estimate highway runoff pollutant characteristics .. 

• Be knowledgeable about the limitations of the methods 
presented. 

SESSION OVERVIEW: 
A lecture will introduce the components of FHWA's Predictive Procedure 
not previously presented. Also, a brief overview of alternative methods 
will be examined to determine how they differ from FHWA's Procedure. The 
limitation of each method will also be discussed. 
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8. 2; INTRODUCTION TO PREDICTIVE PROCEDURES 

I. FHWA PREDICTIVE PROCEDURE 

A. INTRODUCTION 

Previous sessions presented selected components of FHWA's procedure 
on rainfall evaluation and highway runoff evaluation. An overview of the 
entire manual procedure and a detailed description of the procedure's 
remaining component follows. The model procedure is computerized both 
for mainframe and for personal computer. 

The development of the procedure is based upon the monitoring program 
conducted in 1976 and 1977 at sites in Milwaukee, Wisconsin; Harrisburg, 
Pennsylvania; Nashville, Tennessee; and Denver, Colorado. Complete 
details of the monitoring programs can be found in Kobriger et al. 
(198lc). 

B. PURPOSE 

The predictive procedure offers highway designers and other 
interested parties a simplified tool to esti~te the quantity and quality 
of storm generated highway runoff. It consists of a series of equations 
which can be solved manually or by computer. The procedure is composed 
of four components corresponding to the following functions: 

• Rainfall runoff 
• Pollutant build-up 
• Pollutant wash-off 
• Constituent loadings 

The predictive procedure can be used for Environmental Impact 
Statements (EIS) or to determine the loadings for pollutant discharge 
effects of various design storms at a particular site. The predictive 
procedure is not meant to be an all-inclusive model which predicts 
hydrographs and concentrations versus time, but rather an easy-to-use 
method of determining the total volume of runoff and total pounds of a 
pollutant discharged from a highway area. The highway area under 
consideration is defined as the paved roadway and total nonpaved area 
which contribute to a particular discharge point. 

In addition to EIS applications, the procedure evaluates existing 
highway systems. Thus, the effects of increased traffic, changes in the 
curb or barrier configuration, or modifications to the nonpaved area can 
be determined as they relate to the total pollutant loading. Design 
storm analyses can be conducted on an existing highway drainage area 
using the predictive procedure. The pollutant loadings, as predicted for 
these storms, can then be used to evaluate different water quality 
impacts through mass balance or modeling analyses. In this manner, the 
pounds of a pollutant discharged from a highway drainage area can be 
compared to other pollutant sources within the watershed. 

8-10 
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8 I 2: INTRODUCTION TO PREDICTIVE PROCEDURES 

C. GENERAL OVERVIEW 

In order to use this method, the following information is required: 

• Rain event data including date, total rainfall, estimated 
rainfall duration, and number of dry days between rainfall events 

• Average Daily Traffic (ADT) 

• Length of highway expressed as miles 

• Drainage area above the point of discharge expressed as acres 

• Estimated initial pollution levels expressed as pounds 

• Total solids accumulation rate (optional, since the rate may be 
estimated based on ADT) 

All of the above information is readily available to fhe highway 
engineer and water quality scientist. 

Figure 8.2.1 provides an overview of the FHWA procedure. 

1. Pollutant Accumulation Equation 

The pollutant accumulation equation of the predictive model is as 
follows: 

P =Po+ (Kt * HL * T) ...............•.•. (2). 

Where: P = pollutant level after build-up, lb (kg) : 
Po = initial surface pollutant load, lb (kg) 
K1 = pollutant accumulation rate, lb/mi-day 

(kg/Jan-day) 
T = time of accumulation, days (20 day maximum) 
HL = highway length, mi (Jan) 

This model predicts the highway surface pollutant load (P) which 
accumulates during a selected time period (T) at a specified rate 
{Kt). Surface pollutants accumulate on the surface of all-paved sites 
(e.g., elevated bridge sections) and on the paved and unpaved surfaces of 
highway sections which have right-of-way areas (e.g. gravel shoulders, 
grassy areas, etc.). For purposes of the predictive model, pollutant 
load refers to that fraction of the total highway load available fofr 
wash-off'~ 

The monitoring data from this study were "end-of-the-pipe" wash-off 
data, which are not a direct measure of pollutant build-up. Therefore, 

d monitoring data could not be used to establish whether pollutant build-up 
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8. 2: INTRODUCTION TO PREDICTIVE PROCEDURES 

on highways is linear, exponential, or another mathematical function. 
The pollutant accumulation equation assumes that pollutants build up 
linearly during the accumulation period. This equation is similar to 
that used in Storage, Treatment, Overflow, Runoff Model {STORM) from 
Abbott (1976), which is based on a linear pollutant build-up relationship 
developed from a study on urban runoff in Chicago. 

The surface pollutant accumulation variable K1 is the rate at whicK 
the carrier pollutant, t~a}i:·~~J'ids, accumulates in pounds per mile per 
day (kg/km/day). A carrier pollutant exhibits the highest degree of 
association with all other pollutants being considered. In many.: 
mathematical models, the predicted quantity of carrier pollutant is used' 
to estimate the quantity of all other pollutants being modeled~ This 
method eliminates the need for each pollutant to be predicted separately 
by the model, greatly reducing the number of calculations required. 
Total solids were chosen as the carrier pollutant for the predictive 
model developed in this study, because they showed the highest 
correlation with the other monitored quality parameters when regression 
analyses were performed. The term total solids (TS) refers to tot~l 
suspended solids <I:SS) plus total dissolved solids {TDS). Under the new 
nomenclature of Standard Methods, total solids as used in this study, are 
defined as total residue. 

K1 was developed from monitored data, and is expressed as pounds 
per mile- day (kg/km-day). The unit miles refers to the actual length 
of highway section in the contributing drainage area. This is in 
contrast to curb mile or lane mile, which is a multiple of the highway 
length. Kt is site specific, and its value may be based upon actual 
monitoring data, if it exists, or estimated from average daily traffic. 
Kt estimation based on average daily traffic is discussed at the end of 
this section. 

The initial surface pollutant load {Po~is the pounds of pollutants 
on the surface at the beginning of the accumulation period. The 
accumulation period can be intervals within an actual rainfall record, 
intervals within a series of design storms, or the period prior to a 
single design storm event. 

If an accumulation period follows a large storm event, the initial 
surface pollutant load will be considered zero {Po=O). The definition 
of a large storm is based upon that used in the Stormwater Management 
Model (SWMM) for the rate of pollutant removal during a storm event. For 
purposes of the predictive procedure, a large storm event is defined a~ 
one with greater than one inch (2.54 em) of total rainfaH, and having at 
least one hour in which the average intensity is 0.5 inches per hour 
(1.27 cm/hr). For such a storm, SWMM estimates that approximately 90·, 
pet<;:~qt .,Q~ ~Qe;: s.urface pollutants available for .wash.:..o:U';~.,have· been· 

-~:,.;.1 .,_,.,~,...-?·~·~'-~ -· - . 
removed. 
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8, a: INTRODUCTION TO PREPICTIVE PROCEDURE§ 

For succeeding rainfall events in a continuous rainfall record, Po 
is the surface pollutant load remaining after wash-off from the previous 
rainfall event. For rainfall records which do not follow a large storm 
event or for design storms, the initial surface pollutant load must be 
estimated using a site specific K1 value, site length, and a specified 
period of build-up or estimate. An analysis of monitored wash-off data 
and rainfall records during the sUbji:ict study sug9ests that dry periods' 
greater than 20 days over-estimate the surface load: therefore'~ any d-ry 
periods exceeding 20 days are assumed to equal 2U.. The initial surface 
pollutant load for a site with a Kt of 80, and a site length of 5 miles 
would be: 

lbs 
80---- * 5 mi. * 20 days ~ 8,000 lbs (3,629 kg) 

mi-day 

Any rainfall less than 0.05 inches (0.13 em) is considered a trace of 
rain not producing runoff of sufficient volume and rate to effect 
pollutant wash-off. Figure 8.2.2. indicates the relationship between 
pollutant build-up and rainfall intensity and volume. 

The minimum runoff duration that can be used in calculating average 
runoff intensity is 0.5 hours. Short duration flows, less than 0.5 
hours, are often the result of small storms producing less than 0.1 
inches (.25 em) of flow. Using the high average runoff rates calculated 
from such storms gives more weight to the pollutant wash-off ability of a 
small storm that occurs. For this reason, all storms used in the 
predictive procedure were considered to have a duration of at least 0.5 
hours, eliminating overestimates of total solids wash-off for short 
duration storms. For example, a storm producing 0.05 inches (.12 em) of 
runoff in 0.17 hours (10 minutes) would have an average runoff rate 
calculated using an adjusted runoff duration of 0.5 inch/hr as follows: 

Average runoff rate = 0.05 inch of flow + 0.5 hours 
= 0.10 inch/hr (0.25 cm/hr) 

Otherwise, the average rate calculated from the actual runoff 
duration (0.17 hr) would be 0.29 inch/hr (0.73 cm/hr) and would cause a 
large overprediction of pollutant wash-off. 

2. Kt Variable 

The total solids accumulation rate (Kt) varies from location to 
location. Selected Kt previously reported in the literature are 
indicated in Table 8.2.1. 
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e . 2; rNTRODYCTION To PREPICTIVE PBOCEDYRES 

Table 8.2.1. Published K, values 

--- ··--·-----~ 

Total solids 
accumulation rate, 
__!W_III!..::da.::=..oy __ Location 

Solids 
collection 
Techniques 

1.580 
1,180 

10.4 
382 
69.4 
26.6 

236.9 

Chicago City Sts. 
11 U.S. City Sts. 

Seattle Highway 
Washington, D.C. 
Seattle Highway 
Seattle Highway 
Milwaukee 
(non-winter) 

Sweeping 
Combined sweeping 

and flushing 
Runoff analysis 
Vacuuming and 
Runoff analysis 
Runoff analysis 
Mass balance for 
TS 250 

American Public Works Association, 1969 

Sartor, J.D. and G.B. Boyd, 1972 
Sylvester. R.O. and F.B. DeWalle, 1972 
Shaheen, D.G., 1975 
Municipality of Metropolitan Seattle, 1973 
Municipality of Metropolitan Seattle, 1973a 
Kobriger, N.P., 1984 

metric units: lb x 0.454 = kg 
mi x 1.609 = km 

) 

The total solids accumulation rate was correlated with ADT for the 
sites included in the monitoring study (Figure 8.2.3). As a result, it 
is possible to calculate the appropriate solids build-up rate using the 
following equation, when site specific rates are not available:e 

3. Wash-Off Coefficient (Kzl 

The coefficient Kz is used in the predictive procedure to remove a 
portion of the carrier pollutant from the surface of the drainage area. 
The general wash-off equation in the Corps of Engineer STORM model and 
U.S. EPA Stormwater Management Model (Huber, 1975) is used as part of 
this procedure. 

Where: Po = pounds (kilograms) of pollutant discharged 
P = surface load at start of the runoff event. 
Kz = wash-off coefficient 
r =average runoff rate, in./hr. (cm/hr) 

For purposes of the predictive procedure, a single Kz value is 
required for each of the three site categories. Based upon the 
comparison of individual Kz values with actual monitoring data, a Kz 
~lue of 6~5 represents sites which contain some curb or barrier, 
structured drainage, and grassy right-of-way (Type II). A value of 12 
represents a rural, flush shouldered site (Type III) which uses grassy 
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Figure 8.2.3. Selected total solids accumulation rates versus 
average daily traffic 
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8. 2 : INTRODUCTION TO PREDICTIVE PROCEDURES 

ditch conveyance for the surface runoff. A K2 value of 5.0, selected 
for the Type I site, will be used for elevated bridge decks which are 
completely paved. 

The Type III site requires the highest K2 value in order to 
wash-off larger amounts of the pollutant load per runoff volume than 
other sites. This site type's flush shoulder and the nonpaved drainage 
conditions probably account for the high, since the grassy areas adjacent 
to the roadway require more pollutant wash-off per event to remove the 
pollutant load. The site has the lowest K2 value, indicating 
that pollutant wash-o ~ asier from a sit~~ that is all paved than a 
site with both paved and unpaved areas (Type II and III). 

The final component of the predictive procedure transforms the pounds 
of t6ta:f~'i8fltflr'~'ia"Siled offo into pounds of lead, COD, suspended solids, or 
any other of the 16 quality constituents available in the model. The 
prediction of heavy metals, nutrients, solids and other parameters for 
individual storm events rely upon linear regression equations for 
predicting each parameter as a function of the total solids load for each 
site (Tables 8.2.2 and 8.2.3). 

For example, the determination of the COD load for the Milwaukee 
I-794 site is as follows: 

COD (lb) = 0.202 TS + 5.47 
where: TS = total solids in pounds 

The asterisk in Tables 8.2.2 and 8.2.3 next to equations indicates 
significance at the 95 percent confidence limits (1). This indicates 
that one can be 95 percent confident that the sample was not selected 
from a population for which no correlation exists (i.e., that the 
correlation coefficient R is equal to zero}. An equation may still 
provide good estimates even if the variables in that equation do not show 
a significant correlation at the 95 percent confidence level (Gupta et 
al., 198lc}. An equation developed using regression techniques is the 
best fit of the data being analyzed. 

The predictive procedure uses a separate constituent equation for 
each general site type. Individual equations account for differences 
between site drainage and solids retention characteristics. 

D. PREDICTIVE PROCEDURE RESULTS 

Table 8.2.4. summarizes the application results of the procedure to 
the five monitoring sites, plus a sixth site not included in the 
development of the procedure. 
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Table 8.2.2 Constituent equations developed for Type I 
and Type I II sites. 

Type I Type Ill 
P•r.neter Ht lwaukee 1-794 Harrisburg 1-40 

sa • o.53:rs - 3.2• 0.32TS - 36.8* 

vss • 0.191TS + 0.2* 0.06115-3 .3* 

TVS • 0. 221TS + 13 • 3 0.32TS - 32.3* 

TKN • 3.3x1o-3 TS + o.JJ 3.1xi0-3TS+ 0.55* 

BOD • 0.023TS + 1.5* N/A 

TOC • 0.057TS + 0.80* o.o68Ts - 5.85* 

COD • 0.202TS + 5.47* 0.087TS + 0.65* 

TN • 1.37x1o-3 TS + 0.12 1.83x10-3 TS+0.054* 

TP04 • J.Oxlo-3 TS + 3.0xlo-4 2.15x10-3TS- 0.245 

Cl • 0.034TS + 2.59 0.135TS + 2.6* 

Pb 5.6x10-3Ts - 0.024 -4 • 4.1x10 TS- 0.029* 
-4 2.67xlo-'rs-O.OII* Zn • 8.4x10 TS + 0.014 

Fe • 0.015TS + 0.59 0.014TS- 1.61* 

2.9x1o-4TS+7.3xlo-4 
-3* 

Cu • 7.4x10-5TS+8.78x10 

Cd • 
_,. -) 

1.4xl0 TS-1.4x10 4.0xlo-5TS+0.007 
-4 -3 -4 

Cr - 1.6x10 TS+I.2x10 2.3x10 TS-0.028 

Hg -7 -4 -5.8x1o-6TS+0.015* - -7.6xlO TS+8.8xl0 

·Note: TS • total solids (lb) 
* - Variables correlate at the 95 percent confidence level. 
metric units: Jb X 0.454 • kg 

Source: Gupta, M.K. et al., 198lc 
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Table 8.2.3 Constituent equations developed for Type II sites. 

Parameter Equation 

ss 0.63TS - 188 

vss 0. 1 52TS + 13 • 5 

TVS 0.263TS + 243 

TKN 5.46x1o-3Ts + 1.28 

BOD J.Ox1o-2Ts + 28.3 

TOC 5.6x1o-2Ts + 25.2 

COD 0.193TS + 275.3 

TN 1.3x1o-3Ts + 0.713 

TP04 2.25xlo-3Ts - 0.32 

CJ 0.042TS + 87 

Pb I.02xlo-3Ts + o.o4 

Zn 5.84x10-4Ts + 0.103 

Fe 1.96xlo-2Ts- 5.0 

Nl N/A 

Cu 3.16xto-4Ts + o.o64 

Cd 4.16xlo-5rs + 0.021 

Cr 4.3x1o-5Ts + 0.036 

Hg 2.44xlo-6Ts + l.006xlo-6 

Note: TS • total solids (Jb) 
metric units: · lb x 0.454 • kg 

Source: Gupta, M.K. et al., l93lc 
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Table 8.2.4. Suemary of Model Versus Actual Monitored Non-Winter Total 
Pollutant Loads Used to Develop the Predictive Procedures 

(except the Dallas Site) 

1 
Site Location Total Solids, lb Suspended Solids, lb TP04, lb COD, lb Lead, lb Iron, lb 

Milwaukee I-794 
Actual 
Predicted 
Predicted vs. 
Actual t 

Milwaukee Bwy 45 
Actual 
Predicted 
Predicted va. 
Actual t 

Nashville I-CO 
Actual 
Predicted 
Predicted vs. 
Actual t 

Harrisburg I-81 
Actual 
Predicted 
Predicted vs. 
Actual t 

Denver I-25 
Actual 
Predicted 
Predicted vs. 
Actual t 

Dallas I-45 
Actual 
Predicted 
Predicted va. 
Actual t 

1,862 
1,640 

-11.9 

55,024 
63,478 

+15.4 

20,273 
23,325 

+15.1 

3,655 
3,689 

+1.0 

11,016 
15,118 

+37.2 

468 
626 

+33.8 

570 
658 

+15.4 

29,123 
36,665 

+25.9 

10,692 
ll,369 

+6.3 

767 
835 

+8.9 

7,263 
7,189 

-1.0 

204 
307 

+50.5 

1.03 271 
0.86 245 

-16.5 -9.6 

34.76 6,863 
137.11 17,205 

+294.4 +150.7 

65.81 
30.62 

-53.5 

6.43 
5.64 

-12.3 

13.66 
27.67 

+117.2 

NA 
NA 

3,909 
6,294 

+61.0 

212 
170 

-19.8 

4,338 
7,029 

+62.0 

345 
169 

-51.0 

5.17 
4.55 

-12.0 

53.6 
65.47 

+22.2 

24.76 
24.53 

-1.0 

1.co 
1.22 

-12.9 

ll.99 
16.04 

+33.8 

1.18 
3.32 

+181.4 

lcaution must be used when interpreting the pollutant loadings of lead predicted by the model. 

22.94 
20.66 

-10.0 

929.75 
1,115.14 

+24.2 

268.06 
367.97 

+37.3 

31.97 
36.59 

+U.S 

252.43 
231.97 

-8.1 

5.60 
14.10 

+151.8 

The reduction in lead in gasoline has resulted in an estimated SOt reduction in lead loadings since 
the predictive procedure equation was developed. 
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8 I 2 : INTRODUCTION TO PREDICTIVE PROCEDURES 

As can be seen, the predicted versus the actual monitored data are 
within one o~der of magnitude for all values. Total solids and suspended 
solids in particular, are fairly close, although greater variation exists 
for other constituents. When predicted versus actual loadings on an 
event basis are compared, greater variation exists. Thus, the model is 
best suited for monthly or non-winter period evaluations. 

The model is undergoing further evaluation and validation by FHWA in 
a study initiated in September, 1984, titled Design Procedures to 
Estimate Pollutant Loadings from Higher Stormwater Runoff. The study is 
to be completed in FY 1986. 

E. MODEL LIMITATIONS 

The predictive procedure is a tool for evaluating the effects of 
increased traffic, changes in the highway configuration, or other design 
aspects, on the loading of solids or other constituents to the receiving 
water. 

Because of the complex interaction of rainfall, runoff and traffic on 
a highway, the prediction model has certain limitations. Users of the 
procedure are encouraged to further study the Predictive Procedures to 
ensure a full understanding of the components of the model and aid in the 
interpretation of the results {Kobriger, 198lc). 

Specific limitations of the procedure are as follows: 

• Geographic locations with low intensity, frequent rainfalls, 
e.g., Washington state, should not use this procedure. Research 
{Horner et al., 1982) demonstrates situations where ADT is not a 
valid variable to estimate pollutant accumulation on the roadway 
surface. This method will not be acceptable for use in 
California and states with similar climatic conditions. 

• The procedure should be limited to non-winter periods. As such, 
the results will reflect only a portion of the total loadings 
that can be expected from a roadway. As shown in a more recent 
study (Kobriger, 1984), winter pollutant accumulation can be 
significant, although the dispersion is more complex and highly 
variable. 

• The predictive procedure is better suited to continuous 
simulation using daily rainfall records covering periods of at 
least one month, since it is unable to predict surface loads 
prior to individual events. 

• The model assumes the highway area to be uniformly characterized 
by the three site types that are listed. Significant variations 
in a site may have widely varying results. 
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• The predicted pounds of total solids washed off during a 
rainfall event are dependent upon the model prediction of the 
surface load at the start of the storm. If the surface load is 
underestimated, the pounds discharged will be low. 

• The use of average runoff rate to remove surface pollutants is 
the quickest and easiest method. Peak runoff intensities during 
the runoff hydrograph may be more accurate, but are too complex 
for this procedure. 

• Long dry periods and overlapping storms present predictive 
problems in determining the pre-storm surface load. 

• Construction activities are difficult to simulate unless 
monitoring data is available to determine K1 values. 

II. FHWA PROCEDURE FOE ESTIMATING POLLUTANT LO.MS 

1. Determine the pollutant accumulation rate for the project site 
being evaluated if site specific or other accumulation values 
are being used: 

where: 

ADT = 

pollutant accumulation rate, lb/mi-day 
(kg/km-day} 
average daily traffic, vehicles/day 

Example: If the site has an ADT of 30,000 vehicles per day, the 
K1 value that results would be: 

(30,000°" 89
) * 0.007 

67.6 lb/mi-day (19.1 kg/km-day) 

2. a. Using K1, determine the pounds of total solids on the 
surface of the project site at the start of the storm event: 

P = Po + (K1 * m... * T) 

where: Po = initial surface pollutant load, lb 
p = pollutant level after build-up, lb 
K1 = pollutant accumulation rate, lb/mi-day 

(kg/km-day) 
m... = highway length, mi(km) 
T = time of accumulation, days (20 days maximum) 
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8. 2: INTRODUCTION TO PREDICTIVE PROCEDURES 

The variable Po is a function of the amount (load) of 
pollutants estimated to be left on the surface after the last 
rainfall event. If more than one event is being evaluated, 
e.g., monthly or seasonal loadings are being determined, the 
results of Po are carried through the calculations on an 
iterative basis by subtracting the pounds washed off from the 
previous pollutant load. The build-up rate, K1, is then used 
for each dry day to add to Po until the pollutant load at the 
start of the next event is determined. 

The initial estimation of a Po is made easier if the first 
storm to be evaluated follows a storm of average rainfall 
intensity greater than 0.5 inches (1.27 em) per hour. This 
large storm is assumed to wash-off essentially all of the 
available total solids load on the surface. The succeeding dry 
days are then used to build up the available surface load to the 
start of storm conditions. Further descriptions of Po and 
K1 are included in the components description of this report. 

Example: If the accumulation period is six days, the highway 
length is 6.5 miles, K1 is 67.6 16/mi-day {19.1 
kg/km-day) (predicted from the ADT of 30,000 
vehicles/day) and Po is zero (assume accumulation 
period started with a large storm). The pollutant 
level after build-up (P) would be: 

p = Po + (K1 * HL * T) 
= 0.0 + (67.6 lb/mi-day * 6.5 miles * 6 days) 
= 0.0 + {2,636.4 lbs) 
= 2,636.4 lbs {1,196 kg) of total solids 

available at the start of event number one. 

b. If a large rainfall event does not occur at the beginning of the 
initial accumulation period of the month or period being 
evaluated, Po must be estimated. One method is to evaluate 
local climatic data to determine the average number of dry days 
between rainfall events. Po can then be estimated using the 
average number of dry days, K1 and highway length. 

Another approach would be to estimate the pollutant load for the 
first event in the period, and .determine the number of dry days since the 
last rain event prior to the start of the event period actually being 
evaluated. Note: The event used to establish the accumulation period 
for the first event in the period or month of concern must be rainfall, 
not snowfall, otherwise use the first approach. Assume that Po = 0. 
Then count the number of dry days to determine the load available for the 
first event for the period. This will slightly underestimate the 
pollutant load on the highway's surface if this previous event was less 
than 0.5 in./hr., since it will not account for the load left on the 
surface. This applies to the first approach as well. 
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Example (1st approach): If a large storm did not precede the 
initial accumulation period, and if the average number of dry 
days between storms was determined to be four, the estimate of 
Po would be calculated as follows: 

Po = Kt ~ HL ~ T 
= 67.6 ~ 6.5 ~ 4 
= 1,758 lb (797 kg) 

3. Calculate load wash-off using the average runoff rate (r) using 
the following formula: 

where: Po = 
p = 
Kz = 

pollutant load discharged (total solids), lb 
(kg) 
pollutant load at the storm start, lb (kg) 
wash-off coefficient r = average runoff rate 
- inch/hr (cm/hr) 

Kz is selected based upon site characteristics as follows: 

Kz = Type 1 
5.0 

Type 2 
6.5 

Type 3 
12.0 

Example: Assuming the site is Type II, the pounds of total 
solids removed would be determined as follows (P = 2,636 lbs; r 
= .019 in./hr, assumed here; Kz = 6.5) 

Po= P(l-e-K2r) 
= 2,636 (1-e-cs.s>co.ois>) 
= 306 lb of total solids discharged (139 kg) 

4. Calculate the surface load remaining after the storm from the 
above example. 

Po,,::: P~;'l'·'Po ' 
= 2,636 lb - 306 lbs 
= 2,330 lb of total solids remaining (1,057 kg) 

Thus, Po for the next event is 2,330 lb (1,057 kg). This 
amount is then added to P (pollutant load after build-up that is 
available for washoff by next rainfall event.) 

5. To calculate loadings, use the equations in Tables 8.2.2 and 
8.2.3 for each pollutant of interest for each site type. The 
results will be expressed as pounds of pollutants discharged at 
the highway site for each event. 
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Example: From the previous example, it was determined that 306 
lbs of total solids were washed off from the site. To calculate 
the amount of the pounds Zn washed off: 

Zn = 5.84 * 10- 4 TS + 0.103 
= 5.84 * 10- 4 (306) + 0.103 
= .28 lbs of Zn 

6. Determine the average concentration of Zn in the highway runoff 
using the following formula (7.48 is a conversion factor to 
convert volume to gallons): 

Pconc = (Pzn * 454,000}/(QcE * 7.48 * 3.785) 

Example: From the previous step, the loading of Zn was 
determined to be .28 lbs. Thus, the average concentration in 
the runoff would be (Assume Qcr = 7,000): 

Pconc = (Pzn * 454,000)/(Qcf * 7.48 * 3.785) 

= .28 lbs * 454,000 mg/lbs 
7,000 cf * 7.48 * 3.785 liters/gallon 

= 127,120 mg 
198, 182 liters 

= .641 mg/liter of Zn in highway runoff. 

7. Repeat the above calculations to obtain the total solids 
wash-off for each event and pollutants. 

III. CALIFORNIA METHOD FOR ESTIMATING 

A. INTRODUCTION 

Caltrans has developed a different procedure for estimating highway 
runoff quality (Howell et al., 1982; Kerri et al., 1985). Its method 
reflects the findings of studies for sites located in California: 

• The number of dry days between storm events and the 
corresponding cumulative traffic volume before the storm were 
found to be not statistically significant for estimating 
constituent loads. 

• Equations used to estimate the cumulative loads of the following 
pollutants were found to be statistically significant at the .05 
level, on a storm event basis when: 
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Correlated with vehicles during the storm: COD, Filterable 
Residue {Dissolved Solids), Lead {T), TKN, ZN(T). 

Correlated with total residue: COD, Nonfilterable Residue 
(Suspended Solids), ZN(T). 

• No statistically significant correlations at the .05 level of 
significance were found with any of the independent variables 
examined: boron, cadmium, nitrate nitrogen, ammonia nitrogen, 
total phosphorus, dissolved orthophosphate, oil and grease. 
Thus, these pollutants cannot be estimated using the Caltrans 
procedure. 

• The method is considered suitable on an event basis. 

• The regression equations developed in this research can be used 
for calculating constituent loads from the paved travelled way 
and shoulder area. In order to assess the effects of the 
constituent load on nearby receiving waters - the load must be 
routed through the drainage system and ultimately to the 
receiving water - runoff from other sources may be encountered 
and must be included - highway runoff dilution factors in terms 
of the receiving water source must be accounted for. 

B. PROCEDURE FOR USING THE REGRESSION EQU~TIONS 

In using the Caltran procedure the following assumptions are made: 

• The vehicle fleet and fuels used are relatively the same as the 
years of actual data collection (1979 through 1981} to build the 
regression equations. 

• The highway is in an urban setting. 

• The drainage area of the roadway surface is between 2.00 and 
3.00 acres, as this was the smallest area from which data were 
collected to build the equations. (HL ~ HW of pavement = 72<3 
acres). 

• The median, traveled lanes, and shoulders are 100 percent paved. 

• The procedure should be used with highways having ADT exceeding 
30,000 vehicles, and only when a sensitive receptor, e.g. 
stream, lake etc., is located adjacent to the facility. 

• Runoff from the assumed drainage area is conveyed via open 
channels to a single point of discharge. (Runoff quantity and 
quality from the unpaved area adjacent to the paved area was 
excluded from the research.) 
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• The storm chosen is an annual one-day rainfall event (two-year 
return interval) versus actual continuous events evaluation 
required by FHWA procedure. 

• A 24-hour storm is chosen as the storm duration~ since a storm 
lasting 24 hours will be sufficient to wash-off the gutter load 
and will allow both the AM and PM peak traffic to travel through 
the site and contribute to the runoff load. A 24-hour storm is 
used because the future traffic prediction is a 24-hour value. 

• A runoff coefficient of 0.90 is used to compute the cumulative 
runoff volume because the drainage area is completely paved. 

1. Using the projected average daily traffic (ADT), compute 
constituent loads using the linear regression equations below 
which were evaluated and found to be acceptable. 

Eq.l 
Eq.2 
Eq.3 
Eq.4 
Eq.5 

Where: 

Pb = 14.3 + 0.00189 (ADT} 
Zn = 14.3 + 0.00060 (ADT) 
FR = 5360 + 0.140 (APT) 
COD = 3590 + 0.221 (ADT) 
TI<N = 150 + 0.00342 (APT) 

Pb, Zn, FR, COD, and TI<N are the cumulative loads in 
grams for lead, zinc, filterable residue, chemical 
oxygen demand, and total Kjeldahl nitrogen, 
respectively, the intercepts represent initial dry 
loads in grams, while the slopes represent the washoff 
of a constituent in grams per APT during storm. 

2. To forecast an annual load, divide the depth (amount) of the 
total annual rainfall (2-year return interval, 365-day value) 
for the station by the 1-day depth. The result is the 
theoretical number of 1-day events per year. Multiply each of 
the daily loads by the number of 1-day events to arrive at an 
annual load. 

3. The flow weighted concentration is computed by dividing the 
daily event load determined in Step 1 (above) by the 1-day 
cumulative runoff volume. 

4. The following linear regression equations are used to calculate 
nonfilterable residue loads: 

Eq.6 
- Eq. 7 

Eq.B 

Zn = 11.5 + 0.00064 (TR) 
COD = 3600 + 0.214 (TR) 
NR = -760 + 0.65 (TR) 
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TR is total residue in grams, Zn, COD, and NR are the 
cumulative loads in grams for zinc, chemical oxygen 
demand, and nonfilterable residue, respectively. The 
intercepts represent the initial dry loads in grams, 
while the slopes represent the fraction of constituent 
found in the total residue load washed from the 
pavement during the storm. Because total residue is 
an independent variable for which no easy future value 
can be obtained, the following procedure should be 
executed. Substitute values of the total zinc load 
computed from Equation 2 and the chemical oxygen 
demand load computed from Equation 4 in Equations 6 
and 1 and compute two values of total residue. Then 
use the average value of total residue to compute the 
nonfilterable residue load using Equation 8. Compute 
the flow-weighted concentration as in Step 3 (above). 

5. The final step is to check the computed loads and flow-weighted 
concentrations to make sure that the computed values are bound 
by the field observations. Table 8.2.5. shows the limits of the 
observed concentrations and loads. 

Table 8.2.5. Limits of observed concentrations 
and loads of single events from monitored events in California. 

Concentration (mq/1) Load (grams) 
Constituent Low High Low High ---

Total lead 0.17 4.10 4.0 304 
Total zinc 0.10 1.80 2.0 84 
Filterable residue 16 461 428 50,167 
Chemical oxygen demand 23 724 382 26,344 
Total kjeldahl nitrogen 0.1 14.0 34 1,070 
Nonfilterable residue 18 2,660 143 55,259 

Source: Howard et al. , 1982 

6. Final water quality assessment must be made using the values of 
loads and concentrations in a receiving water analysis. 

C. EXAMPLE PROBLEM USING CALTRAN PROCEDURE 

The following example problem is taken directly from Howell (1982} 
and is reproduced here to demonstrate the use of the Caltran model. 
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Problem: An urban freeway has been proposed for year 2005 and will 
ha~a the following dimensions: 

46 feet of paved median = 
Two 10-foot wide shoulders = 
Four 12-foot wide lanes = 

46 ft 
20 ft 
48 ft 

114 ft width 

The ·.ADT for year 2005 is 56,800 vehicles. The project will cross a 
river used for recreation and fishing. Trout (Salmo gairdneri) inhabit 
the river. Average annual rainfall for the site is 22 inches. 

Make the following assumptions; 

• The paved width of 114 ft and each 750 ft of freeway length will 
be drained to a single discharge point. 

• Runoff coefficient is 0.90; thus, .90 * rainfall volume = runoff 
volume. 

• A 24-hour storm delivers 2.06 inches of continuous rainfall. 

• The vehicle fleet (and fuel used) will be the same in 2005 as it 
was in 1980. The vehicles are operating normally, i.e., at 
speeds of 55 miles per hour with no accidents or spills. 

Given the above data and assumptions compute: 

• The area of the assumed catchment. 

• The cumulative volume of runoff (in liters). 

• The loads and flow-weighted concentrations of the constituents: 
lead (Pb), Zinc (Zn), filterable residue (FR), chemical oxygen 
demand (COD), and total Kjeldahl nitrogen (TKN), and 
nonfilterable residue, using equations 1 through 5. 

1. Area = length (ft) * width (ft) ( 1 acre ) = acres 
43,s6o fe 

= 750 * 114 * 1 = 1.96 acres 
43,560 

(1.96 acres approaches the lower limit of 2.0 acres, the 
smallest area from which data were collected to build the 
equations) • 
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2. Cumulative Runoff Volume = runoff coefficient • rainfall volume 

= [0.90] • [2.06 in] • [1.96 ac] * [3630 ft 3 /ac-in] [28.32 
11te1 

= 373,564 call 373,500 liters 

3. First, compute the load in grams using the appropriate 
regression equation, then compute the flow-weighted 
concentration (cone.) in milligrams per liter: 

conc.(mg/1) = Load (grams) • 1000 milligrams 
1 gram cumulative runoff volume (liters) 

Eq.l Pb = 14.3 + 0.00189 (56,800) 
= 121.65 122 grams 

cone. = 121.65/373,500 * 1,000 
= 0.326 0.33 mg/1 

Eq.2 Zn = 14.3 + 0.00060 (56,800) 
= 48.38 48 grams 

cone. = 48.38/373,500 • 1,000 
= 0.129 0.13 mg/1 

Eq.3 FR = 5,360 + 0.140 (56,800) 
= 13,312 13,300 grams 

cone. = 13,312/373,500 • 1,000 

= 35.64 35.6 mg/1 

Eq.4 COD = 3,590 + 0.221 (56,800) 
= 16,142 16,150 grams 

cone. = 16,142/373,500 • 1,000 

= 43.22 43.2 mg/1 

Eq.5 TKN = 150 + 0.00342 (56,800) 
= 344.26 344 grams 

cone. = 344.26/373,500 * 1,000 
= 0.922 0.92 ~/1 

Using the forecasted values of zinc (48 grams) and chemical oxygen 
demand {16,150 grams), an average value of total residue {TR) can be 
calculated using equations 6 and 7. 

Eq.6 Zn = 11.5 + 0.000640 {TR) 
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Eq.7 COD = 3600 + O.Zl4 (TR) 

Solve for total residue (TR): 
Using (6) TR = 57,031 grams 
Using (7) TR = 58,645 grams 

Sum = 115,676 grams 
Avg = 57,838 57,840 grams 

Using Equation 8 and the average value of 57,840 grams for total 
residue (TR), solve for nonfilterable residue (NR): 

Eq.8 NR = 
= 

cone. = 
= 

-760 + 0.65 (57,840) 
36,836 grams 
36,836/373,500 * 1000 
98.6Z 

36,840 grams 

98.6 mg/1 

4. Check 

The computed values within Table 8.Z.5 to see if they are within the 
limits of the values recorded. 

The results must be compared to established water quality criteria, 
and if any excessive values are found, mitigating measures (or 
transportation alternatives) may be needed. 

IV. WASHINGTON STAlE DEPARTMENT OF TRANSPORTATION PROCEDURE FOR WATER 
Qt)ALITY IMPACTS 

A. INTRODUCTION 

The State of Washington has developed a procedure (Horner and March, 
1982) to assess highway stormwater water quality, in-stream water quality 
and aquatic ecological impacts of operation highways. The procedure is 
based on a model (Chui et al., 1982) developed as part of an ongoing 
multi-year study, sponsored by the Washington Department of 
Transportation (WSDOT) and conducted by the Department of Civil 
Engineering of the University of Washington. 

This model to estimate cumulative pollutant loadings is applicable 
when soils, climate, and land use are similar to those at the monitored 
highway .,sites used to develop the model. Thus, Oregon, Northern 
California, and Southern Idaho as well as Washington State, may find the 
model suitable for assessing the impact of highway stormwater runoff. 
The impact assessment component of the WSDOT procedure has been 
incorporated into the FHWA procedure (Session 8.4). 

The model for estimating loadings differs in that it relies on 
vehicles during the storm (VDS) as the primarily independent variable to 
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8. 2 : INTRODUCTION TO PREDICTIVE PROCEDURES 

estimate pollutant loads. Washington State experiences low intensity, 
long duration rainfall events unique to this portion of the country. 
This contrasts with other locations in the country where relatively 
intense but brief precipitation events occur. As has been shown in the 
State of Washington, the migration and transport of highway pollutants 
are more of a function of the kinetic energy provided by moving vehicles 
than by rainfall (Chui et al., 1982). 

The model expresses cumulative runoff pollutant loadings as functions 
of highway geometry, drainage configuration, and, vehicles during the 
storm expressed as follows: 

Eq.l TSS = (K) (VDS) (C) 

Eq.2 Pollutant loading i = (Kpt) (TSS Loading) 

where: TSS = loading of total suspended solids from runoff 
(lb/highway-mi) 

K = loading constant (lb/1000 VDS/highway-mi) 
VDS = vehicles during the storm (in thousands) 
c = runoff coefficient (ratio of runoff volume to 

precipitation volume) 
Kpt = ratio of pollutant i to TSS 

The model, in addition to its geographic considerations, is limited 
in suitability for long-term (monthly or annually) versus individual 
event projections. This is similar to FHWA's Predictive Procedure 
(Kobriger, 1981). Loadings in a given locale are highly variable on an 
event basis, but more constant in a longer time frame when normalized for 
traffic and using a runoff coefficient. 

B. WSDOT ANNUAL POLLUTANT LOADING ASSESSMENT PROCEDURE 

The following procedure is taken directly from Horner and Mar (1982) 
and represents only one portion of the procedure. If based on the 
initial annual analysis described in the procedure, a monthly evaluation 
is required and presented here as an example of another possible 
approach, given the restrictions previously described. It also 
illustrates the variations between highway sites. 

1. Estimate the hr/yr during which the roadway is expected to be 
wet as equal to the hr/yr of recorded precipitation. The 
reported hr/yr of recorded precipitation (~0.01 inch) 
represents the mean of a number of years of data (1948-1964). 
Trace quantities are eliminated from consideration, since they 
generally do not produce runoff. The tabulated data are 
recommended as an estimate of the hr/yr of wet roadway, 
recognizing that two counteracting factors are operating: (1) 
the highway remains wet for some time after precipitation stops; 
however (2) precipitation does not necessary fall throughout a 
recorded hour. 
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2. Estimate the total annual vehicles passing during storms 
(VDS/yr) as follows: 

VDS/yr = ADT wet hr/yr 
24 hr/day 

. where: ADT = projected average daily traffic on highway lanes 
draining to receiving water. 

3. Estimate annual highway runoff TSS loading according to: 

TSS (lb/highway mi/yr) = (K) VDS/yr (C) 
1000 

where: K = 
K = 
c = 

6.4 lb TSS/highway-mi/1000 VDS for western Washington 
26 lb TSS/highway-mi/1000 VDS for eastern Washington 
runoff coefficient for the site 

The loading constants given apply to new highways and existing 
highways where traffic increase is anticipated. On existing highways the 
constants apply whether or not additional lanes are constructed, up to a 
maximum of four lanes in a single direction, representing the cases 
contributing to the data base (Little, 1982). With greater widths, 
pollutants deposited on innermost lanes may be transported less 
effectively into shoulder drainage, such that K would tend to decrease; 
however,'· there was no sampling to test this hypothesis. 

Note: If the lanes in one direction only drain to the receiving 
water, adjust ADT accordingly. 

4. Express total annual highway loading (LH) by multiplying by 
number of highway-mi. 

5. If a mitigation device such as a detention basin is provided, 
reduce the TSS loading according to the solids removal 
capability of the device. If highway runoff is discharged to 
receiving water via a vegetated drainage course, multiply the 
estimated TSS loading by the appropriate fraction as follows in 
Table 8.2.6 (after Wang, 1981). Interpolate as necessary. 

6. Estimate annual highway loadings of other pollutants from: 

Loading (lb/yr) = (Kp) (TSS Loading) 

where: Kp =ratio of pollutant P to TSS {Table 8.2.7.) 
TSS Loading previously estimated 
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8. 2 : INTRODUCTION TO PREDICTIVE PRQCEDURES 

Table 8.2.6. Solids removal ability of 
vegetated drainage course. 

Length of Vegetated 
Drainage Course 

<30 
31- 60 
61- 90 
91-120 

121-150 
151-180 
>180 

Fraction of 
Pollutant Remaining 

1 
0.50 
0.40 
0.30 
0.26 
0.23 
0.20 

Use the modified TSS loading in further calculations. 

Source: Wang, 1981 
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Table 8.2.7 KC {Pollutant:TSS Ratios) for Various Contaminants in Highway 
R noff. 

Pollutant Abbreviation Kp 

Chemical Oxyg~n Demand 

lead {Western Washington) 
(Eastern Washington) 

Zinc (Western Washington) 
(Eastern Washington) 

Copper 

Nitrate + Nitrite
Nitrogen 

COD 

Pb 

Zn 

Cu 

Total Kjeldahl Nitrogen TKN 
(Western Washington) 
(Eastern Washington) 

Total Phqsphorus TP 

KcoD = o.4 

Kpb = 1.5 x 10:: +. (8. 7 x to:g)(ADT) 
KP.b = 5.3 x 10 + (2.8 x 10 )(ADT) 
(NOte 1) 
Kzn = 1.4 x 10:: + (3.0 x 10:~)(ADT) 
Kzn = 2.0 X 10 + (3.2 x 10 )(ADT) 

Kcu = 7.9 x 10-5 + (2.7 x 10-9)(ADT) 
-3 KN = 2.0 x 10 

-3 KTKN,. 2.7 x 10 
-3 KTKN = 1.2 x 10 

-3 KTP = 2.1 X 10 

Note: (1) Base predicted lead loading on the lead concentration in gasoline 
at the time in proportion to that during the years of research. 
During those years, the concentration was 0.13 grams/liter. That 
concentration is scheduled to be reduced under u.s. Environmental 
Protection Agency regulations, and that agency can provide infor
mation on adherence to the schedule. For estimation purposes, it 
should be assumed that the proportion of vehicles using leaded 
gasoline remains constant. 
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8. 2: INTRODUCTION TO PREDICTIVE PROCEDURES 

SESSION QUESTIONS: 

1. Based on the different procedures, what are the major differences 
bewteen the predictive procedures presented? 

2. What limitations restrict the use of the procedures presented? 

3. In what ways may the most applicable procedure presented here be 
adopted to use in a particular state? 
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SECTION 8: PREDICTION OF WATER QUALITY IMPACTS 

SESSION 8.4: PREDICTION OF LOADING IMPACTS OF HIGHWAY RUNOFF - CASE STUDY 
Estimated Time for Completion: 

OBJOCTIVES: Upon completion of this session, participants will be able 
to: 
• Calculate pollutant loadings from other land uses 

within a watershed, using the simplified method 
presented. 

• 

• 

Assess the loading impacts from the highway, relative 
to loadings from other land uses within the watershed. 

Recognize the problems of the method presented, and be 
introduced to other approaches that might be used when 
more sensitive analysis is required. 

SESSION OVERVIEW: 
One app~oach to assess the potential impacts of pollutant loadings from 
highways surfaces compares the area loadings from other land uses within 
the watershed to those loadings estimated from the highway right-of-way. 

This session introduces a simplified procedure for conducting an impact 
analysis. Case Study 8.4 will be distributed and participants will 
complete the required analysis. 

Participants will review questions at the end of the session and discuss 
the findings and other approaches used when more sensitive analysis is 
required. 
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8.4: PREDICTION OF LOADING IMfACTS OF HIGHWAY RijNOFF - CASE STUPY 

I. DETERMINATION OF BACKGROUND LOADINGS FOR THE DRAINAGE AREA 

The following procedure is adapted from Horner and Mar (1982). This 
simplified procedure may be used for non-winter periods to determine 
background loadings for a watershed area, based on typical area pollutant 
loadings and typical runoff concentrations data for selected land uses 
reported in the literature. The actual loadings and runoff 
concentrations vary for each location, based on site characteristics 
(e.g., rural or urban), soil types, and other factors, and the results 
should be interpreted with caution. The procedure provides a relative 
indication of highway loads to background loadings, and may determine 
whether a more detailed evaluation using more complicated procedures is 
required. The steps of the procedure are: 

1. If the receiving water is a stream and if a comprehensive water 
quality record exists for the stream, proceed to Step 2. 
Otherwise, go to Step 3. 

2. Estimate the mean monthly loading of each pollutant transported 
by the stream, prior to the presence of the highway (Ls, 
lblmo) according to: 

Ls = 1,965 QsCs 

where: Q. and c. are average quantities for the month in 
question. 

where: Q. = average stream discharge (cfs) 
c. = average pollutant concentration 

(mg/1) 

The loadings for each month should be aggregated for the period, if 
the measured flow data are available. 

Q, may be the discharge rate determined for a specific drainage 
area; however, then c. must be a flow weighted average for the same 
flow rate. 

If the stream is gaged, obtain Qs in the U.S. Geological Survey 
Water Resources Data provided for the most recent water year. If the 
stream is not gaged, estimate Q, from the record of a nearby stream 
with similar watershed characteristics, as follows: 

Qs = Qs 1 

where: Q. = average discharge in runoff receiving stream (cfs) 
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8. 4: PREDICTION OF LOADING IMPACTS OF HIGHWAY RUNOFF - CASE STUDY 

Qs = average discharge in stream of record (cfs) 

Aw = runoff receiving stream watershed area (any area 
units) 

Aw 1 = stream of record watershed area (any area units) 

3. Determine the areas (in acres) in Central Business District, 
Other Commercial, Industrial, Single-Family Residential, 
Multiple-Family Residential, Cropland, Pasture, and Forested and 
Open Land used in the watershed draining to the highway runoff 
discharge point located farthest downstream. If it is projected 
by the planning agency for the location that development will 
modify land uses substantially in coming years, conduct the 
analysis for both present and ultimate land uses. 

4. Determine annual area loading (lb/acre/yr) of each contaminant 
for each land use in the receiving water basin from local data, 
if they exist, or Table 8.4.1. (Note storm runoff pollutant 
loadings for specific land use categories.) Where a range is 
given, use the lower value if a conservative estimate of highway 
contribution to total loading is desired; otherwise, use the 
midpoint of the range. If pollutant loading rates are not 
available for a specific pollutant, then go to Step 7. 

5. Approximate the proportion of each annual area loading delivered 
during the month or period in question according to: 

lb/acre/mo (period)=[(hr ppt during month (period)/annual 
hr ppt) (lb/acre/yr)] or lb/acre/mo = [] 

6. Multiply loadings in lb/acre/mo by the respective acres to 
obtain loadings for the month (period) in question for each land 
use (LLs). Then sum over all land uses for each pollutant 
(summation LLs). Record results on Worksheet 8.4.a. 

7. From Table 8.4.la, determine the runoff coefficient for each 
land use in the watershed, above the discharge point for the 
project. 

8. Multiply the runoff coefficient for each land use by the total 
seasonal rainfall for the site to obtain the runoff in inches. 

9. Convert the runoff in inches to runoff volume by the following 
equation: 

Qcf = R * acres 
12 • 43,560 
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R = runoff in inches 
Qcr = runoff in cubic feet 

10. Convert Qcr to liters by multiplying by 28.31625. 

RL = Qcr * 28.31625 

RL = Runoff in liters 

11. Detenmine total lbs. of pollutant by using the following 
equation and Table 8.4.2. Record results on Worksheet 8.4.b: 

P R * p * 2.2046 * 10-& pD = L cone 

where: Ppo = total pollutant loading 
RL = runoff volume expressed as liters 
Pconc = pollutant concentration 

12. If the rece~v~ng water is a stream, proceed to Step 13. If the 
receiving water is a lake or wetland, go to Step 15. 

13. Estimate point source loadings (Lp) of each pollutant as 
follows: 

where: Qp and Cp are monthly quantities for the month in 
question 

point source effluent flow rate (cfs) 
(average over year if not continuous). 
Obtain flow from discharge monitoring report 
as required by NPDES permit or develop 
industry typical flow. 

average point source effluent pollutant 
concentration (mg/1). Obtain from 
monitoring records or from industry typical 
discharge concentrations available from U.S. 
EPA Development Document Series for the 
specific point source category. 

14. Estimate total stream loadings prior to highway presence as: 

Ls = summation LLt + Lp 
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Table 8. 4 .1. Storm runoff pollutant loadings for specific land use categories. 

Loading Pb/acre/yr~ 
Land OD +NO 

11<N TP Tss c;,cD P.b .Z:.N CIA.. 3 2 

Central Business 964 955 6.3 2.7 1.9 4.0 13 2.5 
District 

Other Commercial 750 906 2.7 2.9 N/A 0.6 13 2.4 

Industrial 50 56 1.8-6.3 3.1-11 0.3-1.0 0.4 2-13 0.8-3.6 

Single-Family 15 25 0.1 0.2 0.03 0.3 1-5 0. 2-l. 3 
Residential 

co 
Multiple-Family 390 297 0.6 I 0.3 0.3 3.4 3-4 1. 2-1.4 olloo 

O'l Residential 

Cropland 402 N/A 0.004-0.005 0.03-0.07 0.01-0.05 7.0 1.5 0.3 

Pasture 306 N/A 0.003-0.013 0.02-0.15 0.02-0.04 0.3 0.6 0.06 

Forested 76 N/A 0.01-0.03 0.01-0.03 0.02-0.03 0.5 2.6 0.08 

Open 6 1.8 N/A N/A N/A 0.3 1.5 0.06 

NOTES: 

1. Means given where available; otherwise ranges are reported. 

2. N/A -- Not available. (If specific pollutant loadings are not indicated here, 
then, determine loadings based on mean concentration values. 

SOURCE: Horner, R.R. et al., 1982. 
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Table 8.4.la Values of runoff coefficients {C) 
for use in the runoff volume estimation. 

Type of surface 

Rural Areas 

Concrete or sheet asphalt pavement 
Asphalt macadam pavement 
Gravel roadways or shoulders 
Bare earth 
Steep grassed areas {2:1) 
Turf meadows 
Forested areas 
Cultivated fields 

Urban Areas 

Runoff 
coefficient 

{C) a 

0.8-0.9 
0.6-0.8 
0.4-0.6 
0.2-0.9 
0.5-0.7 
0.1-0.4 
0.1-0.3 
0.2-0.4 

Flat residential, with about 30 percent of area impervious 0.40 
Flat residential, with about 60 percent of area impervious 0.55 
Moderately steep residential, with about 50 percent of 

area impervious 0.65 
Moderately steep built up area, with about 70 percent of 

area impervious 0.80 
Flat commercial, with about 90 percent of area impervious 0.80 

Source: Searcy, 1973. 

a For flat slopes or permeable soil, use the lower values. For steep 
slopes or impermeable soil, use the higher values. 
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Table 8.4.2. Mean urban runoff concentrations by land use (NURP) 
(U.S. EPA, 1983) 

Pollutant Units Residential Commercial Industrial Mixed Open 

TSS mg/1 206.0 160.0 143.0 297.0 218.0 
BOD mg/1 12.0 12.4 9.5 12.4 2.0 
TN mg/1 3.64 2.45 2.32 2.51 1.85 
TP mg/1 0.465 0.493 0.539 ·o.489 0.188 

FCB (winter cells/100 ml 7,099.0 7,099.0 7,099.0 7,099.0 7,099.0 
only) 
S/S/F cells/ 100 ml 31,995.0 31,995.0 31,995.0 31,995.0 31,995.0 

O&GB mg/1 3.89 13.13 7.1 6.23 .o 
Fe mg/1 2.73 2.73 2.73 2.73 2.73 

CD As ug/1 4.25 4.25 4.25 4.25 4.25 
I Cd ug/1 1.58 1.58 1.58 1.58 1.58 ~ 
-.j Cr ug/1 8.51 8.51 8.51 8.51 8.51 

Cu ug/1 19.7 19.7 19.7 19.7 19.7 
Pb ug/1 72.8 72.8 72.8 72.8 72.8 
Hg ug/1 0.5 0.5 0.5 0.5 0.5 
Zn ug/1 103.7 103.7 103.7 103.7 103.7 
PCBs ug/1 2.96 2.96 2.96 2.96 2.96 
CHPs ug/1 9.07 9.07 9.07 9.07 9.07 

aoata taken from Stenstrom et al., 1984. 
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15. Express the impact on stream pollutant loadings in terms of the 
estimated increase due to Pd highway runoff as a percentage of 
the original stream loadings (Ls). If the estimated increase 
exceeds 10 percent for any pollutant, then mitigation may be 
required. If the stream eventually discharges to a lake or 
wetland, also evaluate the impact on the body of water according 
to the next Steps 16 and 17. 

16. If the immediate or eventual receiving water is a lake or 
wetland, estimate total loadings for the month in question prior 
to the highway presence (LLa) as equal to summation LLI plus 
any point source loading (1,965 QpCp). 

17. If the immediate or eventual receiving water is a lake, conduct 
a special analysis to assess the potential impact of phosphorus 
loading on trophic state as follows: 

a. Convert Pd and LLa to kg/mo by dividing by 2.2 lb/kg. 

b. Estimate annual loadings from the monthly or seasonal 
loadings found previously by proportion (for both Pd and 
summation LLI + Ls): 

annual hr precipitation 
kg/yr = hr precipitation during the month (kg/mo) 

' c. Find the contributions of the highway and all other sources 
to the lake area total phosphorus (TP) loading (kg/ha/yr) 
by dividing LH and LLa• respectively, by the lake 
surface area (ALa. ha). [Note: 1 hectare (ha) = 2.47 
acres.} 

d. Divide lake mean depth (m) by water residence time (yr), 
where water residence time = lake volume (any volume 
units)/outflow rate (any consistent volume/yr units). 

e. Locate the lake on Figure 8.4.1, the trophic state graph 
(Vollenweider and Dillon, 1974), by using LLa/ALa as 
ordinate and the result of the previous step as abscissa. 

18. If the highway loading addition does not move the status point 
near or into a higher trophic category, declare minimal impact 
on lake eutrophication and analyze impacts associated with 
maintenance or special problem areas. If a substantial impact 
on trophic state appears likely, mitigation should be further 
considered. 
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REFNO AQUELV BAILERR BEDROCK PUMPRAT BEDRO_1 SCREENL STATIC DEPTH RNG TWN SEC STRCOUNTY STRTOPO DATE
207379 0 0 0 1 0 0 37 150 1E 11N 18 MORGAN MARTINSVILLE 9/26/1955
350554 0 0 0 80 0 3 8 63 1E 11N 18 MORGAN MARTINSVILLE 1/15/2001
385127 0 0 0 15 0 4 8 60 1E 11N 18 MORGAN MARTINSVILLE 8/30/2004
209574 0 0 50 0 565 0 45 77 1W 11N 26 MORGAN HINDUSTAN
209649 0 15 50 0 565 0 0 80        1W 11N 23 MORGAN HINDUSTAN 9/26/1979
209604 0 12 27 0 593 0 0 75       1W 11N 26 MORGAN HINDUSTAN 8/21/1977
209619 0 0 88 0 500 3 6 24 1W 11N 24 MORGAN HINDUSTAN 6/28/1979
209629 0 30 28 0 572 0 0 52       1W 11N 24 MORGAN HINDUSTAN 1/20/1965
207304 0 5 21 0 579 0 0 180 1E 11N 18 MORGAN MARTINSVILLE 9/17/1959
207374 559 15 0 0 0 3 10 41 1E 11N 18 MORGAN MARTINSVILLE 9/19/1971
269754 0 18 30 0 570 0 8 50 1W 11N 13 MORGAN MARTINSVILLE 7/5/1975
269759 532 10 0 0 0 4 19 68 1W 11N 13 MORGAN MARTINSVILLE 6/10/1966
403020 0 0 53 50 577 0 45 97 1W 11N 26 MORGAN HINDUSTAN 7/25/2006
20888 0 0 0 60 0 60 0 145 1W 10N 28 MONROE MODESTO 1/11/1988
213693 0 3 50 0 0 0 60 120 1W 8N 19 MONROE CLEAR CREEK 7/20/1967
213698 0 3 70 0 0 0 31 105       1W 8N 19 MONROE CLEAR CREEK 8/12/1971
221960 0 5 40 0 0 0 45 65 1W 9N 31 MONROE BLOOMINGTON 10/3/1967
272239 0 0 0 0 0 0 0 0 1W 10N 33 MONROE MODESTO 3/1/1994
310446 0 10 37 0 613 0 0 100 1W 9N 4 MONROE MODESTO 4/26/1961
19798 0 0 12 0 718 0 0 0 1W 10N 28 MONROE MODESTO 6/1/1991
19799 0 0 15 0 715 0 0 0 1W 10N 28 MONROE MODESTO 7/1/1991
210630 0 2 6 0 704 0 41 160 1W 10N 33 MONROE MODESTO 2/2/1962
213733 0 5 23 0 757 0 70 150       1W 8N 19 MONROE CLEAR CREEK 11/5/1964
213703 0 2 7 0 753 0 41 105 1W 8N 19 MONROE CLEAR CREEK 7/10/1964
213708 0 2 22 0 738 0 45 132       1W 8N 19 MONROE CLEAR CREEK 4/21/1965
213713 0 5 16 0 769 0 70 140 1W 8N 19 MONROE CLEAR CREEK 8/12/1964
213718 0 10 76 0 724 0 90 120       1W 8N 19 MONROE CLEAR CREEK 4/23/1969
213723 0 4 27 0 763 0 75 170       1W 8N 19 MONROE CLEAR CREEK 9/8/1964
221934 0 1 5 0 865 0 38 195 1W 9N 20 MONROE BLOOMINGTON 7/31/1965
221939 0 4 11 0 799 0 55 120 1W 9N 20 MONROE BLOOMINGTON 10/22/1973
222605 0 24 5 0 645 0 0 95 1W 9N 4 MONROE BLOOMINGTON 9/10/1963
222015 0 0 0 0 0 0 0 150 1W 9N 29 MONROE BLOOMINGTON 8/30/1960
222025 0 2 20 0 800 0 48 115 1W 9N 29 MONROE BLOOMINGTON 10/27/1972
209578 0 0 0 0 0 405 139 410 1W 11N 35 MORGAN HINDUSTAN 8/30/1986
338988 0 0 0 0 0 0 0 240 1W 10N 21 MONROE MODESTO 8/21/1998
209573 0 20 40 0 730 0 0 100       1W 11N 35 MORGAN HINDUSTAN 9/1/1960
209583 0 1 26 0 675 0 28 82 1W 11N 35 MORGAN MODESTO 5/10/1963
209584 0 5 53 0 728 0 58 100 1W 11N 26 MORGAN HINDUSTAN 9/6/1962
211755 0 8 14 0 786 0 110 222 1W 10N 21 MONROE MODESTO 9/4/1962
211760 0 0 17 0 773 0 140 200 S 1W 10N 21 MONROE MODESTO 10/22/1960
209608 0 2 40 0 682 0 70 212       1W 11N 34 MORGAN MODESTO 10/8/1965
211785 0 10 16 0 804 0 40 90 1W 10N 15 MONROE MODESTO 10/30/1959
211790 0 0 12 0 808 0 0 200 1W 10N 16 MONROE MODESTO 6/10/1960
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Reference Number 

213758 

Owner-Contractor 
Owner 
Driller 
Opemtor 

Coustructiou Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abandonment 

Admiuistratil·e 

Well J.og 

Comments 

Dri1·ing direcliom to well 

Name 

Use: H01IE 

Depth: IOO.O 

Length: 30.0 
J.eugth: 

1)pe of test: 

Drawdowu: ft. 

Material: 

/ustallatiou Method: 

Sealing material: 
lustallaliou Method: 

Couui)': 1\lonroe 

Record of Water Well 

Indiana Department of Natural Resources 

tltldress 

Drilling metllotf: Cable Tool 

Pump setting depth: 

Material: 
Matedal: 

Test rate: gpm for hrs. 

Static water lel'el: 30.0 ft. 

Telephone 

Pump type: 

Water quality: 

Date completed 

Oct 22, 196-J 

Diameter: 6.0 
Diameter: Slot size: 

Bai!Test rate: 5.0 gpm for 1.0 hrs. 

Bailer Drawdowu 0.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used.· 

Towmhip: SN Range: I W 

Section: NEI/4 of the NEI/4of the SWI/4 of Section 19 Topo map: Clear Creek 

Gran/ Number: 

Field located by: !\IT 

Courthouse location by: 

Location accepted wlo t'erlfication by: 

SubdMsionname: 

Ft W of EL: 2200.0 

Ground elemtiou: 150.0 

UTM Hasting: 537586.0 

Top 

0.0 

8.0 

12.0 

18.0 

39.0 

47.0 

61.0 

65.0 

70.0 

76.0 

82.0 

93.0 

OWNER VERIFIED 

Bottom 

8.0 

12.0 

18.0 

39.0 

47.0 

61.0 

65.0 

70.0 

76.0 

82.0 

93.0 

100.0 

Ft N of SL: 2300.0 

Depth to bedrock: 8.0 

Formation 

YELLOW CLAY 

on: Jull2, 1967 

on: 

on: 

IAJt number: 

FtEofWL: 

Bedrock elemtiou: 742.0 

UTM Northing: 4329259.0 

STONE BLUE FLINT EXTRA HARD 

STONE BUFF LS HARD 

FtSofNL: 

Aquifer ele•·atiou: 

STONE ORA Y LS SmT ---STONE BUFF LS HARD 

STONE BROWNISH LS EXTRA HARD 

STONE BROWNISH LS SOFTER 

STONE ORA Y LS HARD 

STONE ORA Y LS HXTRA HARD 

STONE WHITE LS HARD 

STONE WHITE LS SOFT 

STONE WHITE LS HARD 

httn,//www in onv/s.erv/dnr wHt.erw.ell R/21/2005 
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Reference Number 

213668 

Owner· Contractor 
Owner 
Driller 
Operator 

Construction Details 
Well 

Casing 
Screen 

Well Capacity Test 

Grouting lujormaaou 

·wellJ-lbamloumeut 

11dmiuistrati~·e 

Well Log 

Comments 

Dril·iug directions to well 

Name 

Use: HOZ..m 

Depth: 120.0 

Length: 55.0 
Length: 

T)pe of test: 

Drawdowu: ft. 

Material: 
Installaliou Method: 

Sealing material: 

Justallatiou Method: 

Cou111y: ~'ionroe 

Record of Water Well 

Indiana Department of Natural Resources 

Address 

Drilling method: Cable Tool 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water le~·el: 60.0 ft. 

Telephone 

Pump type: 

Water quality: 

Date completed 

Oct09, 1971 

Diameter: 6.0 
Diameter: Slot size: 

Bai/Test rate: 2.0 gpm for hrs. 

Bailer Drawdowu 55.0 ft. 

Dept It: from to 

Number of bags used: 

Depth: from to 
Number of bags used: 

Township: SN Range: I W 

Section: SWl/4 of the SW1/4ofthe NEI/4 of Section 19 Topo map: Clear Creek 

Graul Number: 

Field located by: JRD 

Courthouse locafio11 by: 

Locatiou accepted wlo ~·eriftcatiou by: 

SubdMsiouuame: 

Ft 1V of EL: 2000.0 

Ground eleMfion: 710.0 

VTM Easting: 53790-to 

Top 

0.0 

50.0 

100.0 

Bottom 

52.0 

100.0 

120.0 

ou: Jul26, 1978 

01/,' 

01/,' 

WI 1111111ber: 

FtNofSL: FtEofWL: 

Depth to bedrock: 50.0 Bedrock ele..atio11: 720.0 

VTM Northing: 4329392.0 

Fonnation 

RED CLAY OPENINGS &LIMESTONE 

SLIGHT BLUE LIMESTONE HARD 

WHITE LIMESTONE 

MC 720; OWNER VERIFIED; 75FT NORTH OF THAT RD. 

Ft S ojNI~: 2550.0 

Aquifer elnation: 

htto://www.in.2:ov/serv/dnr waterwell 8/23/2005 
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Reference Number 

213723 

Owner.coulractor 
Owner 
Driller 
Operator 

Construction Details 
Well 

Casing 
Screen 

Well Capacity Test 

Grouting luformaliou 

Well Abaudoumeut 

Adminlslrati•·e 

Well Log 

Comments 

Name 

Record of Water Well 

Indiana Department of Natural Resources 

DrMng direct;ous to well 

Use: HOME 

Depth: 170.0 

Length: 27.0 
Leugtlt: 

Type of test: 

Drawdown: ft. 

Material: 
lustalfatiou Method: 

Sealing material: 

Iustallatlou Method: 

Couuly: Monroe 

Address 

Drilling method: Rotary 

Pump setting depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water lel'el: 75.0 ft. 

Section: NWI/4 of the SE1/4ofthe NW1/4 of Section 19 

Graul Number: 

Field located h)': JRD 

Courthouse location by: 

Location accepted w/o ••en]icaliou by: 

Subdi••isiou name: 

Ft WofEL: 

Ground elemtiou: 790.0 

UTM Eastiug: 537399.0 

Top Bottom 

Jlt N ofSL: 

Depth to bedrock: 27.0 

Fom1ation 

TOPSOIL 

RED CLAY 

Date completed 

Scp 08, 1964 

Telephone 

Pump type: 

Water quality: 

Diameter: 6.5 
Diameter: Slot size: 

BailTest rate: 4.0 gpm for hrs. 

Bailer Drawdowu 164.0 ft. 

Depth: from to 

Number of bags used: 

Depllt: from to 

Number of bags used: 

Towmltip: 8N Range: 1\V 

on: Jul26, 1978 

on: 

ou: 

Lot mtmber: 

Ft E oflVL: 1700.0 

Bedrock ele••atiou: 763.0 

UTM Northfug: 4329577.0 

Topo map: Clear Creek 

FtS ofNL: 2000.0 

Aquifer ele~·atiou: 

3.0 

12.0 

27.0 

170.0 

CLAY W/ BROKEN LIME 

LIMESTONE 

MC 763; NEIGHBOR VERIFIED; 

httn•//www in acw/w'.I'VIrlnr WH!P.t'WP.ll 8/23/2005 
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Record of Water Well 

Indiana Department of Natural Resources 

Reference Number 

213713 

Owuer-Coutractor 
Owner 
Driller 
Operator 

Construction Details 
Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abandonment 

Administrali~·e 

Well Log 

DrMug directions to well 

Name 

Use: HOME 

Deptlt: 140.0 

Leugth: 20.0 
Length: 

Type of test: 

Drawdowu: ft. 

Material: 
Iustollatlou Method: 

Sealing material: 

Iustallatiou Method: 

County: t-.lonroc 

tlddress 

Drilling method: Cable Tool 

Pump setting depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water le~·el: 10.0 ft. 

Section: SE1f4 of the SW114ofthe NWI14 of Section 19 

Grant Number: 

Field located by: JRD 

Courthouse location by: 

Location accepted »1o •·erijicaliou by: 

Subdi•·isiouuame: 

Ft lV ofUL: 

Grouud ele~·atiou: 785.0 

UTM Eastiug: 537234.0 

Top 

0.0 

6.0 

12.0 

16.0 

Bottom 

6.0 

12.0 

16.0 

FtNofSL: 

Depth to bedrock: !6.0 

f-Ormation 

YELCLAY 

RED CLAY 

YELCLAY 

httn· 1/www in <mv/,e>rv/rlnr wMe>rwell 

Date completed 

Aug 12, 1964 

Telephone 
() 

Pump type: 

Water quality: 

Diameter: 6.0 
Viameter: Slot size: 

/JaifTest rate: 4.5 gpm for l.O hrs. 

/Jailer Drawdowu 5.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Towns/tip: SN Range: 1 W 

on:Jul26, 1978 

on: 

011.' 

/..of number: 

Ft E oflVL: 1200.0 

Bedrock elemtiou: 769.0 

UTM Northing: 4329492.0 

Topo map: Clear Creek 

Ft S of NL: 2250.0 

Aquifer ele~·atlon: 

8/23/2005 
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Reference Number 

213708 

Owner-Coutrac/or 
Owner 
Driller 
Operator 

Coustruciiou Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grou#ng biformatiou 

Wel/J-1bmufoumeut 

1idmlnls tratl~·e 

Well IAJg 

Comments 

Name 

Record of Water Well 

Indiana Department of Natural Resources 

Dri~·iug directions to well 

Use: HOME 

Depth: 132.0 

Length: 22.0 
Leugtlt: 

Type of test: 

/Jrawdowu: ft. 

Material: 
lustallaliou Method: 

Sealing material: 

lmtallatiou Method: 

County: h·tonroe 

Address 

Drilling method: Rotary 
Pump setting tfeptft: 

Material: 
Material: 

Test rate: gpm for Ius. 

Static water le~·el: 45.0 ft. 

Secaon: SEl/4 of the SW1/4ofthe NW1/4 of Section 19 

Graul Number: 

Field located by: ~H 

Courlltouse location by: 

Location accepted w!o ~·erijicatiou by: 

Subdi1•isio111/ame: 

Ft WofEL: 

Ground elnatlou: 160.0 

UTM Easting: 537209.0 

Top Bottom 

Ft NofSL: 

Depth to bedrock: 22.0 

Formation 

Date completed 

.. pr 

Pump type: 

Wafer quality: 

Diameter: 6.5 
IJlameter: Slot si:;;e: 

BailTest rate: 2.0 gpm for hrs. 

/Jailer Drawdowu 125.0 ft. 

Dept It: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

1'owmhtp: 8N Range: 1 W 

ou: Jull2, 1967 

on: 

on: 

Lot number: 

Ft E ofWL: 1000.0 

Bedrock ele..atiou: 738.0 

UTM Northing: 4329462.0 

Topo map: Clenr Creek 

Ft S of NL: 2400.0 

Aquifer ele~·ation: 

0.0 

22.0 

22.0 

132.0 

CLAY YELLOW 

LIMESTONE 

MC; MAILBOX VERIFIED; WELL IN FRONT OF HOUSE APPRO X. 25 Ff. 

httn•//ntnlnl -in nrnrh.•p.f•u/rln1' Ul!lf-P.t•n:rp.JJ R/?.1/?00~ 
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Reference Number 

213718 

Owner-Contractor 
Owner 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well r1baudoumellt 

t1dmiuistrath·e 

Well Log 

Comments 

DrMug directions lo well 

Name 

Use:HOZ..m 

Depth: 120.0 

Length: 71.0 
l.engtll: 

T)pe of test: 

Drawdowu: ft. 

Material: 
/ustallatiou Method: 

Sealing material: 

Imtalfatiou Method: 

County: Monroe 

Record of Water Well 

Indiana Department of Natural Resources 

r1ddress 

Drilling method: Cable Tool 

Pump setting depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water lel·el: 90.0 ft. 

Telephone 
()-
()-
()-

Pump type: 

Water quality: 

Date completed 

Apr 23, 1969 

Diameter: 6.0 
Diameter: Slot size: 

/laill'est rate: 10.0 gpm for hrs. 

Bailer Drawdowu 20.0 ft. 

Depth: from to 
Number of bags used: 

Depth: from to 

Number of bags used: 

1'011'1/Sltip: 8N Range: 1 W 

Section: SEI/4 of the NEI/4of the N\Vl/4 of Section 19 Topo map: Clear Creek 

Grant Number: 

Field located by: JRD 

Courthouse location by: 

Location accepted w/o •·erificatlou by: 

SubdMsioutmme: 

Ft lVofEL: 

Ground elel'atiou: 800.0 

UTM Easfiug: 537625.0 

Top 

0.0 

60.0 

76.0 

Bottom 

60.0 

76.0 

120.0 

FtNofSL: 

Depth to bedrock: 76.0 

Fom1ation 
- --.·-~---- .. ~~~~-"~~~ 

ou: Jul27, 1978 

on: 

Oil: 

Lolnmnber: 

Ft E oflVL: 2450.0 

Bedrock ele1•a/iou: 724.0 

UTM Nortlllug: 4329875.0 

-~ ~-· ""·=~-"~;·~-

LAYERS STONE & CLAY 

CAVE OR OPENING 

BROWN LIMESTONE 

MC 724; OWNER VERIFIED; JUST SOUTH OF HOUSE 

F/ S of NL: 1000.0 

Aquifer elel'flliou: 

~ ~- ' ~-~·-o==· 

'htt-n•ffn1H1\11 -in CTfYHf{.'P1''-Tfr-1nt• Uf~tP1'HfP11 
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Record of Water Well 

Indiana Department of Natural Resources 

Reference Number 

222015 

Owuer«Contractor 
Owner 
Driller 
Operator 

Construction /JetaUs 
Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abandonment 

AdmiuistratiJ'e 

Name 

Dri1•iug directions to well 

Use: HO~IE 

Deptlt: 150.0 

Length: 
Length: 

Type of test: 
Drawdowu: ft. 

Material: 

,1ddress 

Imtallaliou Method: 

Sealing material: 

Iuslallaliou Method: 

County: i\Ionroc 

Drilling method: Cahlc Tool 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water leJ•el: ft. 

Section: NEI/4 of the NWII4ofthe SWI/4 of Section 29 

Grant Number: 

Field located by: Jiv!H 

Courthouse location by: HvlH 

Wcatiou accepted w/o J'erificatiou by: 

SubdMsiouuame: 

Ft WofEI,: 

Ground elel'atiou: 840.0 

Ft N of SL: 1500.0 

Depth to bedrock: 

http://www .in.gov/serv/dnr_ waterwell 

Telephone 
()-
()-

()-

Pump type: 

Water quality: 

Diameter: 

Date completed 

Aug 30, 1960 

Diameter: Slot she: 

BailTest rate: gpm for lm;. 

Bailer Drml't!Jm'll ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Towusfllp: 9N Range: 1 W 
Topo map: Bloomington 

ou: Mar 28, 1961 

on: l'IIar 28, 1961 

ou: 

Lot number: 

Ft E of WL: 1100.0 

Bedrock elemtiou: 

FtSofNL: 

8/23/2005 
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Reference Number 

222025 

Owtter-Contractor 
Owner 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abandonment 

Administrath·e 

Well Log 

Comments 

Record of Water Well 

Indiana Department of Natural Resources 

/JrMng directions to well 

Name 

Use: HOME 

Depth: 115.0 

Length: 22.0 
Lenglh: 

Type of/est: 

Drawtlowu: ft. 

Material: 

lustallatiou Method: 

Sealing material: 

Installation Method: 

County: Monroe 

tlddress 

Drilling method: Cable Tool 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water le~·el: 48.0 ft. 

Section: NEI/4 of the NWI/4ofthe NW1/4 of Section 29 

Grant Number: 

Field located by: lvtK 

Courthouse location by: 

I..ocaUou accepted w/o ••erificatiou by: 

SubdMsiouuame: ARLINGTON 

Fl WofEL: 

Ground ele••atlon: 820.0 

UTM Eastiug: 538622,0 

Top Bottom 

FtNofSD: 

Depth to bedrock: 20.0 

Formation 

Date completed 

Oct 27, 1972 

Telephone 
()-
()-
()-

Pump type: 

Water qualil)'." 
Diameter: 5.63 
Diameter: Slot sil.e: 

Bail1'est rate: 1.5 gpm for hrs. 

Bailer Drawdowu ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Towmflip: 9N Range: I W 

on: May 18, 1978 

on: 

011: 

Lot number: 

Ft E ofWL: 1150.0 

Bedrock ele•·aUou: 800.0 

UTM Northing: 4338050.0 

Topo map: Bloomington 

Ft S of NL: 300.0 

Aquifer ele••atlou: 

0.0 

20.0 

20.0 

115.0 

TOPSOIL & LIMESTONE 

WHITE LIMESTONE MED. HARD 

MCSOO; tvtC; DRY HOLE; OWNER VERIFIED- NO LONGER USED 

http://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Reference Number 

221934 

Owner-Contractor 
Owner 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Iuformatiou 

Well Abmufoumeut 

Administrath·e 

Well Log 

Commeuts 

DrMug directions to well 

Name 

Use: HOME 

Deptlt: 195.0 

l.ength: 27.5 
l.ength: 

Type of test: 

Drawdowu: ft. 

Material: 

/ustallatiou Method: 

Sealing material: 

/ustallaliou Metfwd: 

Cotmty: ivlonroe 

Record of Water Well 

Indiana Department of Natural Resources 

Address 

Drilling method: Cable Tool 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water le~·el: 38.0 ft. 

Telepltoue 
()-
()-
()-

Pump type: 

Water quality: 

Date completed 
Jul31, 1965 

Diameter: 6.0 
Diameter: Slot she: 

BailTest rate: 0.67 gpm for 2.0 hrs. 

Bailer Drawdmm 0.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: 9N Range: I W 

Section: SWI/4 of the SWl/4ofthe SWI/4 of Section 20 Topo map: Bloomington 

Graul Number: 

Field located bJ•: LES 

Courthouse location by: 

Location accepted w!o ••erijicatiou by: 

SubdMsimtname: 

Ft WofEL: 

Ground elemtion: 870.0 

Vnt Hasting: 538348.0 

Ft N of SL: 300.0 

Depth to bedrock: 5.0 

on: Jul 01, 1966 

on: 

on: 

Lot mmrber: 

Ft E of WL: 300.0 

Redrock elemtion: 865.0 

UTM Northing: 4338252.0 

Top Bottom Formation 

0.0 

5.0 

22.0 

27.0 

39.0 

73.0 

95.0 

118.0 

124.0 

140.0 

160.0 

166.0 

173.0 

180.0 

MC865 

5.0 

22.0 

27.0 

39.0 

73.0 

95.0 

118.0 

124.0 

140.0 

160.0 

166.0 

173.0 

180.0 

195.0 

YELCLAY 

GRAYLS HARD 

MUD SEAM 

GRAYLS HARD 

LT GRAY LS HARD 

RUSTIC BUFF LS SOFTER 

GRAY LS HARD 

DARK GRAY LS EXTRA HARD 

GRAYLS HARD 

LT GRAY LS EXTR HARD 

LT GRAY LS SOFTER 

LT GRAY LS EXTRA HARD 

LTGRAY LS LlTTI.E SOFTER 

LT GRAY LS HARD 

FtSofNL: 

Aquifer ele1·atlon: 

http://www .in.gov/serv/dnr_ waterwell 8123/2005 
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Reference Number 

221939 

Owner-Contractor 
Owner 
Driller 
Operator 

Construction Details 
Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abandonment 

Admiulstratire 

Well Log 

Comments 

Name 

Record of Water Well 

Indiana Department of Natural Resources 

DrMug directiom to well 

ONL 

Use: HOl\lE 

Depth: 120.0 

Length: 21.0 
Length: 

Type of/est: 

Drawdowu: ft. 

Material: 
lustallaliou Me!lwd: 

Sealing material: 

lustallatiou Method: 

County: Monroe 

Address 

Drilling method: Other 

Pump selling deptft: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water le~·e!: 55.0 ft. 

Telephone 
()-
()-
()-

Pump type: 

Water quality: 

Date completed 

Oct 22, 1973 

Diameter: 6.25 
Diameter: Slot size: 

Bai!Test rate: 4.0 gpm for 1.0 hrs. 

Bailer Drawdowu 120.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: 9N Range: I W 

Section: SWI/4 of the SWI/4of the S\Vl/4 of Section 20 Topo map: Bloomington 

Graul Number: 

Field located by: MBR 

Courthouse location by: 

Location accepted wlo veri'flcaliou by: 

SubdMslolluame: 

FtlVofUL: 

Ground ele.-ation: 810.0 

UTM Hasting: 538299.0 

Top Bottom 

0.0 8.0 

8.0 11.0 

ILO 24.0 

24.0 36.0 

36.0 42.0 

42.0 65.0 

65.0 85.0 

85.0 100.0 

100.0 120.0 

MC 799; OWNER VER; 18' S OF HSE 

Ft N of SL: 500.0 

Depth to bedrock: 1 LO 

Fom1ation 

YELCLAY 

RED CLAY 

Oil: May 18, 1978 

Oil.' 

on: 

Lot number: 

Ft R of WL: uno 
Bedrock elel'a0on: 799.0 

UTM Northiug: 4338325.0 

GRAY KLS HARD 

GRAY LS EXTRA HARD 

BLUE LS EXTRA HARD 

GRAYLSHARD 

BUFFLSHARD 

GRAYLS HARD 

DARK ORA Y LS HARD 

FtSofNL: 

Aquifer ele1•atiou: 

http://www .in.gov/serv/clnc waterwell 8123/2005 
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Reference Number 

222451 

Owner-Col/tractor 
Owner 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Iuformatiou 

Well Abandonment 

Administrati1·e 

Welll..og 

Comments 

Name 

Record of Water Well 

Indiana Department of Natural Hesourccs 

/JrMug directions to well Date completed 

Oct 26, 1971 

Use: HOME 

Depth: 195.0 

Length: 20.0 
Length: 

Address 

Drilling method: Other 

Pump settiug depth: 

Material: 
Material: 

()-

Pump type: 
Water quality: 

Diameter: 6.25 
Diameter: Slot size: 

Type of test: 

Drawdowu:ft. 

Test rate: gpm for hrs. 

Static water lel'el: 70.0 ft. 

Bai/Test rate: 7.5 gpm for hrs. 

/Jailer Drawdowu 195.0 ft. 

Material: 

Iustallatiou Metfwd: 

Sealing material: 

lustal/atiou Method: 

County: rvtonroe 

Depth: from to 
Number of bags used: 

Depth: from to 

Number of bags used: 

Township: 9N Range: lW 

Section: SEl/4 of the SEI/4ofthe SEI/4 of Section 18 

Graul Number: 

Fielrl located by: BEB 

Courthouse location by: 

Location accepted wlo rerification by: 

Subdh'isiouuame: LANCASTER PARK 

Ft W ofEL: 150.0 

Grouud ele~·atiou: 120.0 

UTM Hasting: 538210.0 

Top Bottom 

Fl N of SL: 100.0 

Depth to bedrock: 6.0 

Formation 

on: l\1ar07, 1989 

011.' 

01/,' 

Lot number: 

Fl EofW/,: 

Bedrock elemtiou: 714.0 

UTM Northing: 4339820.0 

" =· ~--- -~-~-~-~==~~~=·=-- ~?~~<·~-~=·='-~'='~' 

0.0 2.0 YELCLAY 

2.0 6,0 RED CLAY 

6.0 45.0 GRAYLS HARD 

45.0 67.0 DARK GRAY LS HARD 

67.0 130,0 GRAYLS HARD 

130.0 146.0 WHITE LS HARD 

146.0 170.0 GRAYLS HARD 

170.0 195.0 BLUE SOAPSTONE HARD 

WELL LOCATEDONS SIDEOFHSE 

Topo map: Bloomington 

FtSofNL: 

Aquifer elemtiou: 

http://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Record of Water Well 

Indiana Department of Natund Resourc{'s 

Reference Number 

222610 

Owuer-Coulractor 
Owner 
Driller 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abmtdoumeut 

Admiuistratire 

Well Log 

Comments 

DrMug direcliom to well 

Name 

Use: HO~m 

Depth: 110.0 

Length: 21.5 
Length: 

Type of test: PU~WING 

Drawdowu: ft. 

Material: 

Iustallatiou Method: 

Sealing material: 
/ustallatiou Method: 

County: ~·fonroe 

~tddress 

Drilling method: Cable Tool 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for 1.0 hrs. 

Static water lel'el: 50.0 ft. 

Section: SWl/4 of the SWI/4ofthc NEl/4 of Section 4 

Graul Number: 

FMd located by: LES 

Courthouse location by: 

Location accepted wlo l'erificatlou by: 

SuhdMs;ouuame: 

Ft lV of EL: 2500.0 

Ground elel'atiou: 650.0 

UTM Eastiug: 540650.0 

Ft N of Sf~: 3200.0 

Depth to bedrock: 20.0 

Top Bottom Formation 

0.0 

21.5 

21.5 

110.0 

MC 630; VERY GOOD WELL 

CLAY 

STONE&SH 

http://www .in.gov /serv /dnr_ waterwell 

Telepltoue 
()-
()-

Pump type: 

Water quality: 

Date completed 

May 02, 1963 

Diameter: 6.0 
Diameter: Slot size: 

llailTest rate: !.0 gpm for hrs, 

Bailer Drawdowu 50.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of hags used: 

Township: 9N Range: 1 W 

Topo map: Bloomington 

ou: Jut 01, 1966 

011: 

on: 

Lot number: 

FtHojWL: 

Bedrock elemliou: 630.0 

UTM Norllliug: 4343960.0 

FtS ofNL: 

Aquifer elemtiou: 

8/23/2005 
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Recol'd ofWatel' Well 

Indiana Department of Natural Resources 

Reference Number 

222605 

Owner-Contractor 
Owner 
Driller 

Coustructiou Details 

Well 

Casing 
Screen 

Well Capacity Test 

Groutiltg Juformatiou 

Well A.baudoumeut 

Admiuistratb·e 

Well Log 

Comments 

Name 

DrMug directiom to well 

tiddress 

Use: HOME 

Depth: 95.0 

Length: 6.0 
Length: 

Type of test: 

Drawdowu: ft. 

Material: 
Iustalfatiou Method: 

Sealing material: 

lustallaliou Method: 

County: Monroe 

Drilling method: Cable Tool 

Pump setting depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water lel·el: ft. 

Section: SEJ/4 of the NEI/4of the NWl/4 of Section 4 

Grant Number: 

Field located by: LES 

Courlhouse location by: 

I..ocatiou accepted wlo rerijicatiou by: 

Subdivision name: 

FtlV of EL: 2900.0 

Ground e/erafion: 650.0 

UTM Basting: 540522.0 

Top 

0.0 

5.0 

MC645 

Ft N of Sf,: 3900.0 

Depth to bedrock: 5.0 

Bottom Fonnation 

5.0 

95.0 

DIRT 

BLUESH 

htto://www.in.gov/serv/dnr waterwell 

Telephone 
0· 
0· 

Pump type: 

Water quality: 

Date completed 

Sep 10, 196..1 

Diameter: 6.0 
Diameter: Slot size: 

Rai/Tesl rate: 24.0 gpm for hrs. 

Hailer Drawdowu 0.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: 9N Range: 1 W 

Topo map: Bloomington 

on:Ju101, 1966 

011.' 

Oil.' 

[..()! lllltllber: 

Ft EoflVL: 

Bedrock eleMtion: 645.0 

UTM Northing: 4344137.0 

FtSofNL: 

Aquifer elemtiou: 

8123/2005 
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Record of Water Well 

Indiana Department of Natural Resources 

Reference Number 

210630 

Owner-Contractor 
Owner 
Driller 
Operator 

Coustrucliou Details 
Well 

Casing 
Screen 

Well Capacil)' Test 

Grouting Information 

Well Abandonment 

Admiuistmfire 

Well Log 

Comments 

DrMug directions to well 

Name 

Use: HO~IE 
Depth: 160.0 

Length: 18.5 
I..eugtll: 

T)pe of test: 

Dmwdowu: ft. 

Material: 
btstallaliou Method: 

Sealiug material: 

lmtallatiou Method: 

County: Monroe 

Address 

Drilling method: Cable Tool 

Pump setting depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Sialic water lel'el: 41.0 ft. 

Secliou: SEl/4 of the SE1/4ofthe S\VI/4 of Section 33 

Graul Number: 

Field located by: CP 

Courthouse location by: 

Location accepted w!o l'erificatiou by: 

Subtlirisiouuame: 

Ft WofEL: 

Ground elera#ou: 710.0 

UTM Basting: 540701.0 

Top Bottom 
- -=~,~-~·~~~~ 

0.0 6.0 

6.0 14.0 

14.0 17.0 

17.0 45.0 

45.0 55.0 

55.0 65.0 

65.0 160.0 

MC700; NEIGHBOR VERIFIED 

Ft N of SL: 50.0 

Depth to bedrock: 6.0 

Formation 

DIRT 

HARD ROCK 

DIRT 

HARD ROCK 

SH 

HARD ROCK 

SH 

http://www .in.gov/serv/dnr_ waterwell 

Date completed 

Feb 02, 1962 

Telephone 
()-
()-
0-

Pump type: 

Water quality: 

Diameter: 6.0 
Diameter: Slot size: 

llai/Test rate: 1.6 flpm for 2.0 hrs. 

Bailer Drawdowu ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

1'owmllip: ION Range: I W 

ou: Aug 01, 1967 

01/,' 

011,' 

Let number: 

F/ E of WL: 2400.0 

Bedrock ele1·ation: 70-kO 

UTM Northing: 4344615.0 

Topo map: lvtodesto 

FtSofNL: 

Aquifer ele1·ation: 

8/23/2005 
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Record of Water Well 

Indiana Department of Natural Resources 

Reference Number 

19798 

Owner-Contractor Name 
Owner 
Company 
Driller 
Operator 

Construction Details 
Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

WellJ1baudonmcut 

tldmiuistrath·e 

Well Log 

Comments 

Dril·iug directions to )I'Cll 

Use: OTHER 

Depth: 

l.engtft: 
Length: 

Type of test: 
Drawdowu: ft. 

Address 

Material: BENT 

Iustallatiou Metltod: PUMP 

Sealiug material: 

/ustallatiou Metltod: 

County: Monroe 

Drilling method: Rotary 

Pump setting depth: 
Material: 
Material: 

Test rate: gpm for hrs. 

Static water leJ•el: ft. 

Sectiou: NEI/4 of the NEl/4ofthe NEI/4 of Section 28 

Grant Number: 

Field located by: JS 

Courthouse locatiou by: 

Locatiou accepted wlo l'erijicaliou by: 

Subdil'isiouuame: WINDSOR PRIVATE 

Ft lV of EL: 600.0 

Grouud elel'atiou: 730.0 

UTM Hasting: 541385.0 

Top Bottom 

0.0 

12.0 

12.0 

150.0 

FtNofSL: 

Depth to bedrock: 12.0 

Formation 

CLAY 

STONE 

GEOTHERMAL WELL ALL SIMILAR, VERIFIED BY ADDRESS 

http://www .in.gov/serv/dnr_ waterwell 

Telephone 
()-

()-

Pump type: 

Water quality: 
Diameter: 

Date completed 

Jun 01, 1991 

Diameter: Slot siu: 

Bai/Test rate: gpm for hrs. 

Bailer Drawdowu ft. 

Depllt: from 4.0 to 150.0 

Number of bags used: 3.0 

Depth: from to 

Number of bags used: 

Township: ION Range: 1\V 

1'opo map: J..Iodesto 

on: Jul22, 1993 

01/,' 

01/,' 

Lot ll/111/ber: 25 

Ft EojWI~: 

Bedrock elemtiou: 718.0 

UTM Northing: 4347625.0 

Ft S of NL.· 515.0 

Aquifer ele••atiou: 

8/23/2005 
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Record of Water Well 

Indiana Department of Natural Hesourccs 

Reference Number 

19799 

Owuer-Coulractor 
Owner 
Company 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abandonment 

t1dministrati••e 

Welll.AJg 

Comments 

Name 

DrMng directions to well 

~:1ddress 

Use: OTHER 

Deplh: 

Leugtlt: 
l.eugtll: 

1}'pe of test: 

Drawdowu: fl. 

Material: BENT 

Iustallatiou Method: PUMP 

Sealing material: 

Iustallation Method: 

Coull/)': 1-.-lonroe 

Drilling method: Rotary 

Pump setting depth: 

i\Iaterial: 
Material: 

Test rate: gpm for hrs. 

Static wafer leJ•ef: ft. 

Section: NWl/4 of the NEI/4ofthe NEI/4 of Section 28 

Graul Number: 

Field located b)•: JS 

Courthouse location by: 

Location accepted wlo rerificatlou by: 

SubdMsiouuame: WINDSOR PRIVATE 

Ft W of EL: 790.0 

Ground elemtio11: 730.0 

UTM Eastiug: 541325.0 

Top Bottom 

0.0 

15.0 

15.0 

150.0 

Ft NofSL: 

Depth to bedrock: 15.0 

Formation 

CLAY 

STONE 

GEOTHERMAL WELLS ALL SIMILAR, VERIFIED BY LOT 1 

lJate completed 

Jul 01, 1991 

Telephone 
()-
()-

()-

Pump type: 

Water quality: 

Diameter: 
Diameter: Slot size: 

Bai!Test rate: gpm for hrs. 

Baller Drawdowu ft. 

Depth: from 4.0 to 150.0 

Number of bags used: 4.0 

Depth: from to 

Number of bags used: 

Township: ION Range: IW 

011: Jul20, 1993 

01/.' 

on: 

Lot 1111111ber: 2 

Ft Hof1VL: 

Bedrock elemtlou: 715.0 

UTM Northi11g: 4347750.0 

1'opo map: lvtodesto 

Ft S of NL: 175.0 

Aquifer elemtiou: 

http://www.in.gov/serv/dnr_waterwell 8/23/2005 
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Reference Number 

211760 

Owner-Contractor 
Owner 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abamloumeut 

tidmiuistrath•e 

Welll.og 

Comments 

DrMng directiom to well 

Name 

Use: HOME 

Depth: 200.0 

Length: 19.0 
Length: 

Type of test: 

Drawdown: ft. 

Material: 

lustallatiou Method: 

Sealing material: 

lustallaliou Method: 

County: i\'lonroc 

Recor<l of Water Well 

Indiana Department of Natural Resources 

Address 

Drilling method: Cable Tool 

Pump setting depth: 

Material: 
Material: 

Telephone 
()-
()-
()-

Pump type: 
Water qualily: 

Date completed 

Oct 22, 1960 

Diameter: 6.0 
Diameter: Slot size: 

Test rate: gpm for lm. 

Sialic water lel·el: 140.0 ft. 

Bail1'est rate: gpm for 6.67 hrs. 

Bailer Drawdowu ft. 

Depth: from to 

Number of bags used: 

Depllt: from to 

Number of bags used: 

Towuship: lON Range: I W 

Section: SWI/4 of the SEI/4ofthe SEI/4 of Section 21 Topo map: i'vlodesto 

Gra11t Number: 

Field located by: Jl\IH 

Courthouse location by: 

l.ocation acceptedw/o )'erificatiou by: 

Subdirisionuame: 

Ft W of EL: 1200.0 

Ground ele.-atiou: 790.0 

UTM Easting: 541176.0 

Top 

0.0 

17.0 

36.0 

68.0 

167.0 

170.0 

MC775: 

Bottom 

17.0 

36.0 

68.0 

167.0 

170.0 

200.0 

Ft N of SL: 600.0 

Depth to bedrock: 11.0 

Formation 

DIRT&CLAY 

WHLS 

BLUE SHALE L WATER 

BLUE SHALE 

SOFT SHALE & WATER 

BLUE SHALE 

ou: l\tar27, 1961 

on: 

01/,' 

Lot number: 

fi't EoflVL: 

Bedrock elel'atiou: 773.0 

UTM Northiug: 4347973.0 

FtSofNL: 

Aquifer elemOon: 

httn://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Record of Water Well 

Indiana Department of Natural Resources 

Reference Number 

211790 

OWIICT·Coutractor 
Owner 
Driller 
Operator 

Comtrucliou Details 
Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abandonment 

Admiuistrath·e 

Well Log 

Comments 

Dri~·iug directions to well 

Name 

Use: HOl\lH 

Depth: 200.0 

Length: 
l.engtll: 

Type of test: 
Drawdowu: ft. 

Material: 
lustallaliou Method: 

Sealing material: 

/ustallatiou Method: 

Cowl()': Monroe 

Address 

Drilling method: 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for hrs, 

Static water le~·el: ft. 

Section: SE!/4 of the SEI/4ofthe SEI/4 of Section 16 

Grant Number: 

Field located by: Jl\IH 

Courthouse (ocatiou by: 

Location accepted w!o l'erificatiou bJ'.' 

SubdMsiou name: 

Ft 1V of EL: 400.0 

Ground elemtiou: 820.0 

U1iU Eastiug: 541422.0 

Top 

0.0 

12.0 

27.0 

154.0 

Bottom 

12.0 

27.0 

154.0 

200.0 

MC8lO;NO WATER -DRY 

Ft N of SL: 600.0 

Depth to bedrock: 12.0 

Fonnation 

CLAY 

WHLS 

BLUE SHELL 

KNOB STONE 

http://www .in.gov/serv/dnr_ waterwell 

Telephone 
()-
()-
()-

Pump type: 
Water quality: 
Diameter: 

Dale completed 

Jun 10, 1960 

Diameter: Slot size: 

Hai!Test rate: gpm for hrs. 

Hailer Drawdowu ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Towmhip: ION Range: 1W 

Topo map: l\'lodcsto 

ou: 1-tar27, 1961 

ou: 

011,' 

Lot llllmber: 

Ft E ofll'L: 

Bedrock elemtion: 808.0 

UTM Northing: 4349600.0 

FtSofNL: 

Aquifer ele1·atiou: 

8123/2005 
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Record of Water Well 

Indiana Department of Natural Resources 

Reference Number 

211785 

Owner-Contractor 
Owner 
Driller 
Operator 

Construction Details 
Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well rlbmtdoumeut 

Administratb·e 

Well Log 

Comments 

lJril•ing directiom to well 

Name 

Use: HOME 
Depth: 90.0 

Length: 20.0 
Length: 

1J·pe of test: 
Drawdowu: ft. 

Material: 

lustallation Method: 

Sealing material: 

Iustal/atiou Method: 

County: Monroe 

Address 

Drilling method: 

Pump setting depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water lel'el: 40.0 ft. 

Section: NEI/4 of the SW1/4ofthe NWl/4 of Section 15 

Grant Number: 

Field located by: JMH 

Courthouse location by: JMH 

Location accepted w!o l'erijicaliou by: 

SubdMsion name: 

Fl WofEL: 

Ground e(el'atiou: 820.0 

UTM Easli11g: 541784.0 

Top 

MC805: 

Bottom 

FtNofSL: 

Deplllto bedrock: 16.0 

Fom1ation 

DIRT 

SHALE 

BLUE SHALE 

http://www .in.gov/serv/dnr_ waterwell 

Date completed 

Oct 30, 1959 

Telephone 
()-
()-
()-

Pumplype: 

Water quality: 
Diameter: 6.0 
Diameter: Slot she: 

Jlail1'est rate: 10.0 gpm for 2.0 hrs. 

Railer Drawdowu ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

1'owmhip: ION Range: I W 

on: Mar27, 1961 

ou: Mar 28, 1961 

Oil: 

Lot number: 

Fl E oflVL: 800.0 

Bedrock elel'alion: 80-.f.O 

UTM Northing: 4350581.0 

Topo map: Modesto 

Ft S of NL: 1500.0 

t1quifer ele1•atiou: 

8/23/2005 
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Reference Number 

209608 

Owner-Coufraclor 
Owner 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting lufonuatiou 

Well J-1bamloumeut 

t1dmiuistrath·e 

Welll.og 

Comments 

Name 

Dril'iug directiom to well 

Use: HOl\tE 

Depth: 212.0 

Length: 47.0 
Length: 

1)'pe of test: 
Drawdowu: ft. 

Material: 
lmtal/atiou Method: 

Sealing material: 

Iustallat;ou Method: 

County: l\Iorgan 

Record of Water Well 

Indiana Department of Natural Resources 

Address 

Drilling method: Rotary 

Pump setting depth: 
Material: 
Material: 

Test rate: gpm for hrs. 

Static water le1·el: 70.0 ft. 

Telephone 
()-
()-
()-

Pump type: 

Water quality: 

Date completed 

Oct 08, 1965 

Diameter: 6.5 
Diameter: Slot size: 

Bai/Test rate: 2.0 gpm for hrs. 

/lailer Draw!lown 125.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: II N Range: 1 W 

Section: SWI/4 of the SEI/4ofthe NEl/4 of Section 34 Topo map: l\·Iodesto 

Grant Number: 

Field located b)': WG 

Courthouse location by: 

Wcatiou accepted wlo )'erificatiou by: 

Subdivision 11t1111e: 

Ft W of EL: 950,0 

Ground elemtiou: 722.0 

UTM Easfiug: 542505.0 

Top 

0.0 

40.0 

Bottom 

40.0 

212.0 

FtNofSL: 

Depth to bedrock: 40.0 

Fonnation 

CLAY YELLOW 

SHALE BLUE 

ou: Jun 15, 1976 

Oil.' 

011,' 

WI 1111111ber: 

FtEofWL: 

Bedrock elemliou: 682.0 

UTM Northing: 4355121.0 

Ft S of NL: 2500.0 

Aquifer ele~·atiou: 

MC 680; TALKED TO OWNER; WELL 75 FT NE OF NORTH END OF HOME; RED BRICK HOUSE ON WEST SIDE OF RD WITH 
BLACK & WHITE TRIM 

http://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Reference Number 

209583 

Owuer·Coutractor 
Owner 
Driller 
Operator 

Com/ruction Details 

Welt 

Casing 
Screen 

Well Capacity Test 

Grouting luformatiou 

Well Abandonment 

t1tfmiuistralil'e 

Well Log 

Comments 

Recol'd ofWatel' Well 

Indiana Department of Natural Hesourccs 

Dril'iug directions to well 

Name 

Use: HOME 

Deptlt: 82.0 

Length: 28.0 
l.eugllt: 

Type of test: 

Drawdowu: ft. 

Material: 

/ustallatiou Method: 

Sealing material: 

lmtollatlou Method: 

Cmmi)'.' Morgan 

Address 

Drilling method: Cable Tool 

Pump setting depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water lel'el: 28.0 ft. 

Section: NWI/4 oft he SWl/4ofthe NWI/4 of Section 35 

Grant Number: 

Field located by: U 

Courtltouse location by: 

Location accepted wlo ~·erijication by: 

Subdi1•isionuame: 

Jll WofEL: 

Ground efel'ation: 701.0 

UTM Easting: 543072.0 

Top Bottom 

FJ NofSJ,: 

Depth to bedrock: 26.0 

Formation 

Date completed 

r-.lay 10, 1963 

Telephone 
()-
()-
()-

Pump type: 

Water quality: 
Diameter: 5.625 
Diameter: Slot size: 

Hail1'est rate: 0.5 gpm for 3.0 hrs. 

Bailer Drawdown ft. 

Depth: from to 

Number of bags used: 

Deptlt: from to 

Number of bags used: 

Township: liN Range: lW 

ou: AprOI, 1964 

011,' 

on: 

l.otmuuber: 

Ft E ofWL: 700.0 

Bedrock e(e1·ation: 675.0 

UTM Nortliiug: 4355305.0 

Topo map: !vlodesto 

FtSofNI.: 1800.0 

Aquifer elevaliou: 

0.0 

26.0 

35.0 

26.0 

35.0 

82.0 

SOIL & BR CLAY 

BRSHALE 

BLUE SHALE 

FC ONLY; MAILBOX; WATER @ 75, APPROX. 30 GAUHR 

http://www.in.gov/serv/dnr_waterwell 8/23/2005 
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Reference Number 

209584 

OWIICI"«COJIIraclor 
Owner 
Driller 
Operator 

Coustructiou Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well A.baudoument 

Admiuistratb·e 

Well Leg 

Comments 

DrMug directions to well 

Name 

Use: HOME 

Depth: 100.0 

Length: 51.0 
Length: 

Type of test: 

Drawdown: ft. 

Material: 

Iustallatiou Method: 

Sealing material: 
Iustaflatiou Me/hod: 

County: Morgan 

Record of Water Well 

Indiana Department of Natural Resources 

Address 

Drilling method: Cable Tool 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water fel'el: 58.0 ft. 

Teleplwue 
()-
()-
()-

Pump type: 

Water quality: 

Date completed 

Sep 06, 1962 

Diameter: 6,0 
Diameter: Slot size: 

Baill'est rate: 5.0 gpm for 2.0 hrs. 

Bailer Drawdowu ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags 11sed: 

Towmltip: liN Range: I W 

Section: NEJ/4 of the SW1/4ofthe SWI/4 of Section 26 Topo map: Hindu stan 

Grant Number: 

Field located by: WG 

Courthouse location by: 

l..ocaliou accepted w/o ••erificatiou by: 

Subdivision name: 

Ft lVofED: 

Ground elel'atiou: 781.0 

UTM Basting: 543293.0 

Top 

0.0 

39.0 

53.0 

Bottom 

39.0 

53.0 

100.0 

FtNofSL: 

Depth to bedrock: 53.0 

Fomtation 

YELLOW CLAY 

BLUE CLAY 

SHALE & WATER 

ou: Jun 18, 1976 

ou: 

011: 

Lot number: 

Ft EoflVL: 

Redrock elemtiou: 728.0 

UTM Northing: 4356190.0 

FtSofNL: 

Aquifer eleratiou: 

MC 730; MC; DAUGHTER VERlFIED; WELL LOCATED UNDER CONCRETE SLAB- 10FT EAST OF HOME 

http://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Reference Number 

209574 

Ol!'Jier-CoJttractor 
Owner 
Driller 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abmuloumeut 

Admiuistratb•e 

WelT Log 

Comments 

DrMng tlirectious to well 

Name 

Use: HOME 

Deptlt: 77.0 

Length: 53.9 
Length: 

Type of/est: 

Drawdowu: ft. 

Material: 
Iustallatiou Method: 

Sealing material: 

lnstallatiou Method: 

County: t-.Iorgan 

Record of Water Well 

Indiana Department of Natural Resources 

t1ddress 

Drilling method: Cable Tool 

Pump setting depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water lel'el: 45.0 ft. 

Telephone 
o-
o-

Date completed 

Pump type: 

Water quality: 

Diameter: 5.625 
Diameter: Slot sir.e: 

Bai!Tesl rate: gpm for hrs. 

Bailer Drawdown ft. 

Dept II: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: 11N Range: 1 W 

Section: NEI/4 of the NWI/4of the SEII4 of Section 26 Topo map: Hindus tan 

Grant Number: 

Field located by: U 

Courthouse location by: 

Location accepted wlo l'erificatiou by: 

Subdi1·isiouuame: 

Ft lV of EL: 1300.0 

Ground ele~·atiou: 615.0 

UTM Hasting: 544053.0 

Top 

0.0 

40.0 

45.0 

50.0 

Bottom 

40.0 

45.0 

50.0 

77.0 

on: Apr 01, 1964 

on: 

on: 

Lot number: 

FtNofSL: Ft EoflVL: 

Depth to bedrock: 50.0 Bedrock ele1·atlou: 565.0 

UTM Northing: 4356646.0 

Formation 

CLAY 

~WD,GRA V,QCKSD,GRAV,SH,GRAV 

WATERBEARING 

SHALE 

Ft S of NL: 2600,0 

Aquifer elemtion: 

httn·//www -in onv/s:Prv/ilnr wnterwell 8/23/2005 
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Reference Number 

209604 

Owner·Contractor 
Owner 
Driller 

Construe/lou Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abandonment 

Administrati1'e 

Well Ecg 

Comments 

Name 

Record of Water Well 

Indiana Department or Natural Resources 

DrMug directions to well 

Use:Hm.m 

Depth: 15.0 

Length: 27.0 
l..eugtll: 

Type of test: 

Drawdowu: ft. 

,Uaterial: 

Address 

Imtalfalion Method: 

Sealing material: 

Installation Method: 

Coull!)': 11organ 

Drilling metltod: Cable Tool 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water le~·el: ft. 

Telephone 
()-
()-

Pump type: 
Water qualil)': 

Date completed 

Aug 21, 1977 

Diameter: 4.0 
Diameter: Slot size: 

lfaifl'esl rate: 12.0 gpm for 2.0 hrs. 

Bailer Drawdown 15.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: I IN Range: 1\V 
Section: N\Vl/4 of the NEI/4ofthe NEI/4 of Section 26 Topo map: Hindu stan 

Grant Number: 

Field located by: ECM 

Courthouse location by: 

Wcation accepted w/o l'erification by: 

Subdh•isiouuame: 

Ft W cf EL: I JO().Q 

Ground ele.-atlon: 620.0 

UTM Basting: 544-171.0 

Top 

0.0 

0.5 

9.0 

12.0 

27.0 

Bottom 

0.5 

9.0 

12.0 

27.0 

75.0 

ou: Jun 05, 1987 

on: 

on: 

Let mtmber: 

FtNofSL: FtEofWL: 

Depth to bedrock: 21.0 Bedrock eleMtion: 593.0 

UTM Northing: 4-357305.0 

Fonnation 

TOPSOIL 

BROWN HARDPAN 

BROWN GRAVE HARDPAN 

GREY HARDPAN 

BLUE SHALE 

MC 593; NEIGHBOR VERlFICATION; WELL NOW LOCATED ON NEW CHURCH PROPERTY. 

Ft S of NL: 600.0 

Aquifer ele1·atiou: 

http://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Reference Number 

209649 

Owuer-Coutractor 
Owner 
Company 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacil)' Test 

Grout;ug Information 

Well Abandonment 

Admiuistratb•e 

Well Leg 

Comments 

Name 

Record of Water Well 

Indiana Department of Natural Resources 

Drh·iug directions to well 

Use: HOME 

Deptlt: 80.0 

Leugtlt: 50.0 
l.eugtlt: 

Type of test: 
Drawdowu: ft. 

Material: 

Address 

Iustallatiou Method: 

Sealing material: 

lmtalfation Metfwd: 

County: 1\Iorgun 

Drilling method: Cable Tool 

Pump selling deptf1: 

Material: 
Material: 

Test rate: gpm for hrs. 

Statlc water lel'el: ft. 

Section: SWI/4 of the SEI/4ofthe SEI/4 of Section 23 

Grant Number: 

Field located by: PES 

Courthouse location by: 

Location accepted w!o •·eriftcaHou by: 

SubdMsiouuame: 

Ft W of HI.: 950.0 

Grouud elemtiou: 615.0 

UTM Eastiug: 544212.0 

Top Bottom 

0.0 0.6 

Ft N of SL: 200.0 

Depth to bedrock: 50.0 

Fonnation 

TOPSOIL 

Dale completed 

uep 26, 1979 

Telepltone 
0-
0-
0-
0-

Pump type: 

Water quality: 

Diameter: 4.0 
Diameter: Slot size: 

Hail1'est rate: 15.0 gpm for 2.0 hrs. 

Bailer Drawdoii'Jt 5.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: llN Range: I W 

ou: Jun 18, 1980 

on: 

on: 

Let mtmber: 

F!EofWL· 

Bedrock elemtion: 565.0 

UTM Northing: 4357518.0 

Topo map: Hindustun 

FtSofNL: 

Aquifer ele••aHou: 

0.6 

10.0 

50.0 

lO.O 

50.0 

80.0 

BROWN HARDPAN 

BLUEISH GREY MUD 

GREY SHALE 

MC 565; VERIFIED BY NEIGHBOR; MC 

http://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Reference Number 

209619 

Owner-Coufrac/or 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Abandoumeul 

Administratil'e 

WellWg 

Comments 

Name 

Record of Water Well 

Indiana Department of Natural Resources 

Drb•iug directions to well 

Use: OTHER 

Depth: 24.0 

I..eugtlt: 2LO 
Length: 3.0 

Type of test: 

Drawdowu: ft. 

Material: 

lustallatiou Method: 

Sealing material: 
/ustallatlou Method: 

County: Morgan 

Address 

Drilling method: Cable Tool 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water icl'el: 6.01 ft. 

Telephone 
()-
()-

Pump type: 

Water quality: 

Diameter: 2.0 

Dale completed 

Jun 28, 1979 

Diameter: 1.25 Slot size: 

Bai/Test rate: gpm for hrs. 

Bailer Drawdowu ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: JJN Range: lW 

Section: NEI/4 of the NWI/4of the SWl/4 of Section 24 Topo map: Hindustnn 

Graul Number: 

Field located by: USGS 

Courthouse location by: 

Wcatiou accepted w!o l'erificatiou by: 

SubdMsiou name: 

Ft WofEL: 

Ground eie••ation: 587.48 

U1'M Hasting: 544806.0 

Top 

0.0 

3.0 

8.0 

10.0 

15.0 

70.0 

88.0 

Bottom 

3.0 

8.0 

10_0 

!5_0 

70.0 

88.0 

lvfC 500; MC; CHEM TEST 

Ft NofSL: 

Depth to bedrock: 88.0 

Formation 

on: 

on: 

011: 

Wtuumber: 

Ft E of WL: 2550.0 

Bedrock eiel'atiou: 500.0 

UTM Northing: 4358223.0 

ROAD FILL BRN CLAY S&G 

BRM C;AU & SILT W/ TRACE SAND 

BRN GRAY SAND & CLAY MOIST 

SAND & GRAVEL WET W/ CLAY 

GREY WET SAND W/ TR CLAY 

MED GRAVEL & SAND 

BEDROCK 

FtSofNL: 1000.0 

Aquifer elel'atiou: 

http://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Reference Number 

209629 

Owner-Contractor 
Owner 
Driller 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grou#ug Information 

Well Abaudomuent 

t1dmiuistratil·e 

Well Log 

Comments 

Rcconl of Water Well 

Indiana Department of Natural Resources 

Dril'iug directions to well 

Name 

Use: 

Depth: 52.0 

Length: 28.0 
Leugt/1: 

Type of test: 

Drawdoll'lt: ft. 

Material: 
Imtalfatiou Metltotf: 

Seall11g material: 
Iustallatiou Method: 

County: 1\-lorgan 

Address 

Drilling metiiOlf: Cable Tool 

Pump selling depth: 

Material: 
Material: 

Test rate: gpm for hrs, 

Static water lel'el: ft. 

Section: SEl/4 of the SEI/4ofthe NWI/4 of Section 24 

Graul Number: 

Field located h)'.' CD 

Courthouse location by: 

Location accepted wlo rerijicaNou by: 

SubdMslouuame: 

Ft lVofBL: 

Ground elemtlou: 600.0 

UTM Basting: 545159.0 

Top Bottom 

fit N of ST.: 2650.0 

Depth to bedrock: 28.0 

Formation 

Date completed 

Jan 20, 1965 

Teleph01w 
0-
0-

Pump type: 

water quallty: 

Diameter: 6.0 
Diameter: Slot size: 

BailTes/ rate: 30.0 gpm for 0.5 hrs. 

Baller Drawdowu ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Towmltip: liN Range: I W 

01/,' 

011,' 

011.' 

Lot Illlmber: 

Ft E oJWL: 2150.0 

Bedrock elel'atiou: 572.0 

UTM Northing: 4358267.0 

J'opo map: Hindu stan 

FtSofNL: 

Aquifer ele1·atiou: 

0.0 

28.0 

28.0 

52.0 

SOIL& CLAY 

BORDEN SHALE 

MC 572; OWNER VERIFIED; MC 

httn://www .in. gov/serv/dnc waterwell 8/23/2005 
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Reference Number 

269754 

0»'Jier-Coutractor 
Owner 
Dril!er 
Operator 

CoustrucUon Details 
Well 

Casing 
Screen 

Well Capacity Test 

Grouaug biformatiou 

Well Abandonment 

Admiuislratil·e 

Well Log 

Comments 

Name 

Record of Water Well 

Indiana Department of Natural Resources 

Dri1•iug directions to well 

Use: HOME 

Depth: 50.0 

Length: :.H.O 
Leugih: 

Type of test: 

/Jrawdowu: ft. 

Material: 

Installation Metllod: 

Sealing material: 

Imtallation Metfwd: 

County: Morgan 

t1ddress 

Drilling method: Cable Tool 

Pump selling depll1: 

Material: 
Material: 

Test rate: gpm for Ius. 

Static water fe1'el: 8.0 ft. 

Section: SEI/4 of the SWI/4ofthe SElf4 of Section 13 

Grant Number: 

Field located by: WDH 

Courthouse location by: 

Location accepted wlo ~·erijicatiou by: 

Subdf)'l'siouname: 

Ft W of EL: 1650.0 

Ground ele•·ation: 600.0 

UTM Eastiug: 545588.0 

Ft N of Sf,: 150.0 

Depth to bedrock: 30.0 

Top Bottom Fom1ation 

Date completed 

Ju\ 05, 1975 

Telephone 
()-
()-
()-

Pump type: 

Water qualit)': 

Diameter: 4.0 
Diameter: Slot si<.e: 

Bai/Test rate: 18.0 gpm for 2.0 hrs. 

Bailer Drawdowu 20.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: !IN Range: 1W 

on: Jun 25, 1976 

011.' 

on: 

Wt number: 

FtEofWL: 

Redrock ele~·atiou: 570.0 

UTM Nortlting: 4359123.0 

Topo map: Martinsville 

FtSofNL: 

Aquifer ele•·atiou: 

0.0 

10.0 

30.0 

10.0 

30.0 

50.0 

BRCLAY &GRAY 

RED SHALE (WATER) 

SHALE(\VATER) 

MC 570: O.V. 30'S. OF RED BARN 

htto:/ /www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Reference Number 

269759 

Owner-Contractor 
Owner 
Driller 
Operator 

Constmction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Libandoumeut 

Admiufstrafii'C 

lVelll.og 

Commeuts 

Record of Water Well 

Indiana Department of Natural Resources 

Dri~·iug direcliom to well 

Name 

Use: HOME 

Depth: 68.0 

Length: 65.0 
Length: 4.0 

T)pe of test: 

Drawdowu: ft. 

Material: 
Installation Method: 

Sealing material: 
/ustallafiou Method: 

County: Morgan 

Address 

Drilling method: Cable Tool 

Pump selliug depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water fe~·el: 19.0 ft. 

Section: NEI/4 of the NEI/4ofthe SEl/4 of Section 13 

Graul Number: 

Field located by: CD 

Courthouse location by: 

Location accepted wlo l'erificatiou by: 

SubdMslouuame: 

Ft lV of El.: 150.0 

Ground elel'atiou: 600.0 

U1'M Easaug: 546025.0 

Ft N ofSL: 2500.0 

Depth to bedrock: 

Top Bottom Fonnation 

TOPSOIL 

DRY SAND 

FINE SAND 

Telepltoue 
()-
()-
0-

Pump type: 

Water quality: 

Diameter: 4.0 

Date completed 

Jun IO, 1966 

Diameter: 3.5 Slot size: 6 

Bai!Test rate: !0.0 gpm for hrs. 

Bailer Drawtlowu 0.0 ft. 

Depth: from to 

Nttmber of bags used: 

IJeptll: from to 

Number of bags used: 

Township: liN Range: l W 

1'opo map: Hindustan 

ou: Aug 01, 1967 

Oil.' 

ou: 

Lot number: 

FtEofWL: FtSofNL: 

Bedrock ele1•atiou: Aquifer elemtiou: 532.0 

UTM Nortlling: 4359838.0 

0.0 

2.0 

19.0 

54.0 

61.0 

62.0 

2.0 

19.0 

54.0 

61.0 

62.0 

68.0 

YEL SAND & GRAY 

BRCLAY 

S&G 

MC530 

http://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Reference Number 

207374 

Owuer-Coutractor 
Owner 
Driller 
Operator 

Coustructiou Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Iuformatiou 

'Well Libmuloumeut 

Admiuistrative 

Well L:Jg 

Comments 

Name 

Drh'iug direcliom to well 

Use: HO~lE 
Depth: 4LO 

Leuglh: 39,0 
l.eugth: 3.0 

Type of test: 

Address 

Drawdowu: ft. 

Material: 
btstallation Method: 

Sealing material: 
Iustallaliou Method: 

County: t\lorgnn 

Record of Water Well 

Indiana Department oF Natural Resources 

Drilling method: Cable Tool 

Pump setting depth: 

Material: 
Material: 

Test rate: gpm for hrs. 

Static water le~·el: I 0.0 ft. 

1'eleplwue 
()~ 

()~ 

()~ 

Pump type: 

Water quality: 
Diameter: 4.0 

Date completed 

Sep 19, 1971 

/Jlameter: 3.0 Slot size: 6 

/lail1'est rate: !5.0 gpm for 1.0 hrs. 

Bailer Drawdowu 5.0 ft. 

Depth: from to 

Number of bags used: 

Depth: from to 

Number of bags used: 

Township: !IN Range: tE 

Section: NWI/4 of the SWI/4ofthe NWI/4 of Section 18 Topo map: !vlartinsvillc 

Grant Number: 

Field located by: TMB 

Courthouse location by: 

Location accepted wlo rerification by: 

Subdil·lsionname: 

Ft lV ofEL: 

Ground ele1•atiou: 600.0 

UTM Hasting: 546248.0 

Top 

0.0 

1.5 

8.0 

20.0 

39.0 

Bottom 

1.5 

8.0 

20.0 

39.0 

41.0 

MC560; OWNER VERIFIED LOCATION; 

FtNofSL: 

Depth to bedrock: 

ou: Aug 28, 1973 

01/,' 

on: 

WI number: 

Ft E ofWL: 500.0 

Bedrock elel'atiou: 

Fi S ojNL: 1850.0 

Aquifer elemtiou: 559.0 

VTM Northing: 4360205.0 

Fomtation 

TOPSOIL' 

BROWN HARDPAN 

BROWN GRAVEL HARDPAN 

BLUE GRAVEL HARDPAN 

GREY GRAVEL 

http://www .in.gov/serv/dnr_ waterwell 8/23/2005 
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Reference N11mber 

213733 

OWIJer-CoiJINtctor 
Owner 
Driller 
Operator 

Construction Detail~· 

Well 

Casing 
Screen 

Welt Capacity Test 

Grouting luformatiou 

Well Abrmdoument 

Admlulstratil•e 

Well J.og 

Comments 

Record of Water Well 

Indiana Department of Natural Resources 

DrMug directions to well 

Name 

Use: I lOME 
Depth: 150.0 
LetJgtlr: 27.0 
Length: 

1)'Pe of test: 

Drawdowm ft. 

Material: 
lmtallathm Method: 

Seoliug material: 

lustallatlou Method: 

County: Monroe 

Address 

Drllllug method: Cable Tool 

Pump seltiug depth: 

Material: 
Material: 

Te/ep!toue 

Pump type: 

Water quality: 

Dt~te completed 

.;0'. _.~,1964 

Diameter: 6.0 
Diameter: Slot size: 

Test rate: gpm for Ius. 

Static water le1•el: 70.0 n. 
Bai/Test rate: 5.0 gpm for 1.0 Ius. 

Baller DrawdoJI!II 0.0 tl. 

Depth: from to 
N11mher of bags 11sed: 

Depth: from to 

N11mher of bags used: 

Township: 8N Range: l W 
Sec/lou: SE ofthc S\Vofthc NWofSection 19 1'opo map: Clear Creek 

Grant Number: 

Field locatetl by: r.,.n 
Courthouse /ocatimt by: 

on: Ju\\2, 1967 

Location accepted h'lo l'erlflcatlon by: ou: 

SuhdMslonuome: lot mtmber: 

Fl JJ' ofEL: Ft NofSI.: FtEofH'L: 1300.0 FtSofNL:2500.0 

Ground e/emliou: 780.0 Depth to bedrock: 23.0 Bedrock e/emtio/l,' 757.0 Aquifer e/e1'atlom 

UTM Eastiug: 537282.0 UTM Northing: 4329425.0 

Top Bottom Fonnation 

0.0 12.0 YELLOW LCAY 

12.0 23.0 RED CLAY 

23.0 38.0 STONE GRAY Llr-.·1ESTONE HARD 

38.0 40.0 STONE BLUE SHALE SOH 

40.0 44.0 STONE DARK GRAY LS liARD 

44.0 50.0 STONE GRAY LS HARD 

50.0 71.0 STONE ORAY J.S EXTRA HARD 

71.0 98.0 STONE BUFF LS SOFT 

98.0 117.0 STONE GRAY LS HARD 

117.0 126.0 STONE WHITE OR GRAY I.S HARD 

126.0 150.0 STONE GRAY LS HARD 

OWNER VERIFIED 

http://www.in.gov/serv/dnr waterwell 6/14/2006 
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Reference Number 

213683 

Owner-Contractor 
Owner 
Driller 
Operator 

Comtructiou Details 

Well 

Casing 
Screen 

Well Cttptlcity Test 

Gt·outiug luformatlou 

1Ve/l Ahmu/oumeut 

Admiuistrotil•e 

Well Log 

Comments 

Record of Water Well 

Indiana Department of Natural Resources 

DrMug dfrectlous to well 

Name 

Use: HOME 

Depth: 130.0 
Lengtlu 1.0 
Leugth: 

Address 

DrJIIIug melhotl: Cable Tool 

Pump selling depth: 

Material: 
Material: 

Telephone 

Pump type: 

Water qtwlity: 

Diameter: 

Date completed 

Apr 21, 1962 

Diameter: Slot size: 

1)pe of test: 

Drawdowu: ft. 
Test rate: gpm for Jus. 

Static water le1-el: 54.0 tl. 

BaiiTestrate: l,Q gpm forhrs. 

Bailer Drawdow11 70.0 fl. 

Material: 
lustal/at/ou Method: 

Sealing material: 
lustaflatlou Method: 

Couuty: Monroe 

Section: NE of the NEofthe NW of Section 19 

Grant Number: 

Field located by: U-S 

Com1house /oc(ltiou hr: 

Locatio11 accepted 1w'o ••erlficatlou by: 

StthdMslouname: 

Ft WofEL: 

Gromul elemtiou: 775.0 

Unf Basting: 537559.0 

Ft NofSL: 

DepJI1 to bedrock: 7.0 

Top Dottom Fonnation 

0.0 

7.0 

100.0 

7.0 

100.0 

130.0 

CLAY 

WI liTE Lli\-IE 

BLUE LIME 

Depth: n-om to 
Number of bags used: 

Depth: from to 

Number of bags 11sed: 

Township: 8N Range: t W 

on: Jul 01, 1963 

011." 

011.' 

lot tmmber: 

Ft E of WL: 2200.0 

Bedrock elemtiou: 768.0 

UTM Northing: 4330161.0 

Topo map: Clear Creek 

FtSofNL: 100.0 

Aquifer elemtlom 

http://www.in.gov/serv/dnr waterwell 6/14/2006 
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Reference Number 

213688 

Owuer·Coutmctor Name 
Owner 
Driller 

Comtructiou Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Well Ahmulonmeut 

Admltllstratt.•e 

Well Log 

Comme11ts 

Record of Water Well 

Indiana Department of Natural Resources 

DrMng directions to well 

Use: HOME 

Depth: 145.0 
Length: 21.0 
Lellgtft: 

Type of test: 

Address 

Drawdowu: 145.0 ll. 

Material: 
Justal/atiou Mellwd: 

Sealing material: 
Justaflatioll Method: 

Coultly: Monroe 

Drilliug method: Rotary 
Pmup selling dept/u 

Material: 
Material: 

Telep!toue 

Pump type: 

Date completed 

Oct 22, 1987 

Water quality: CLEAR 

Diameter: 6.63 
Diameter: Slot site: 

Test mte: 3.0 gpm for 2.0 hrs. 
Static water le1oel: 38.0 tl. 

Ball Test rate: gpm for Ius, 
Baller Drawdowu ft. 

Depth: from to 
Number of hags used: 

Depth: from to 

N11mber of bags 11sed: 

Township: SN Rauge: 1 W 

Section: NE of the NEofthc NW of Section 19 Topo map: Clear Creek 

Grant Number: 

Fieftllocatetf by: JLL 

Com'lfwuse /owtiou by: 

Locatlot1 accepted wlo ••erlflcatiott by: 

SubdMslouname: 

Ft WofE/.: 

GI'Ound e/emtlom 710.0 

UTM Ettstiug: 537650.0 

Top 

0.0 

5.0 

9.0 

13.0 

15.0 

30.0 

36.0 

Bottom 

5.0 

9.0 

13.0 

15.0 

30.0 

36.0 

52.0 

52.0 76.0 

76.0 84.0 

84.0 106.0 

106.0 120.0 

120.0 132.0 

132.0 145.0 

om Nov 10, 1988 

011." 

01/," 

Lot mtmber: 

FtNofSL: FtEofWL:2550.0 FtSofNL:450.0 

Depth to bedrock: 9.0 Bedrock elemtlom 761.0 Aquifer elemtlott: 

UTM Northing: 4330050.0 

Fonnation 

YELCLAY 

RED CLAY 

GRAY LS liARD 

YEL SH SOFT 

GRAY LS H. 

BLUE LS H. 

GRAY LS H. 

BUfF LS H. 

BLUE LS H. 

GRAY LS H. 

WHITE I.S II. 

GRAY LS H. 

DARK ORA Y LS H. 

MAILBOX VERIFIED WELL OFF SW CORNER OF HOUSE VISABLE FROM RO., WELL 1550' NEOF HWY 37 ON N. SIDE 
ROCKPORT RD. 

http://www.in.gov/serv/dnr waterwell 6/14/2006 
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Rejereuce Number 

213658 

Owuer-CoutractoJ· 
Owner 
Driller 
Operator 

Construe/lou Details 

Well 

Casing 
Screen 

Jl'el/ Ctrpacity Test 

Gro11tiug l11jormatiou 

Weff Ahaudoumeut 

Admln/stratll•e 

Well Log 

Comments 

Record of Water Well 

Indiana Department of Natural Uesourccs 

DrMug directions to well 

Nume 

Use: HOr-.·tE 

Depth: 140.0 

Length: 12.0 
J.engtll: 

Type of test: 
Drawdowu: ft. 

Material: 
lustallatiou Method: 

Sealing material: 
lustallatlou Method: 

County: Monroe 

Address 

Drilllllg method: Cable Tool 

Pump setting depth: 
Material: 
Material: 

Telephone 

Pump l)pe: 

Water quality: 

Date completed 

Sep 18, 1972 

Diameter: 5,63 
Diameter: Slot siu: 

Test mte: gpm for hrs. 

Static water le1't?l: 51.0 !l. 
Hal/Test rate: 3.5 gpm for Ius. 

Hailer Drawdowu ft. 

Depth: from to 
Number of bags used: 

Depth: from to 

Number of bags used: 

1'owmhip: SN Range: I W 
Sectiou: N\V of the N\Vofthe NE of Section 19 Topo map: Clear Creek 

Grant Number: 

Fieltllocatetl by: JRD 

Courthouse lowtiou by: 

Location accepled wlo l'erlflcat/on by: 

SubdMsiou uame: 

Ft H' of EL: 2200.0 

G'rouud elemtiou: 770.0 

UTM Hasting: 537827.0 

Top Bottom 

Ft N ofSL: 

Depth to bedrock: 10.0 

Fonnotion 

TOP SOIL 

om Jul 26, 1978 

Oil.' 

Oil.' 

Lot 11t1111ber: 

FtEofWL: FtSofNL:250.0 

Bedrock elemtlon: 760.0 Aquifer elemtiom 

UTM Nortiliug: 4330099.0 

0.0 

10.0 

10.0 

140.0 1\-IEDIUlvlliARD WHITE LIMESTONE 

MC 760; NEIGHBOR VERIFIED; EAST OF HOUSE; DRY HOLE 
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Indiana Department of Natural Resources Page I of I 

Reference Number 

213728 

Owuer-Coutmctor 
Owner 
Driller 
Operator 

Construction Details 

Well 

Casing 
Screen 

Well Capacity Test 

Grouting Information 

Jl'elf Abandonment 

Admlulstratll•e 

Well Log 

Comme111s 

Record of Water Well 

Indiana Department of Natural Resources 

Drb•lux direclious to well 

Name 

Use: HOME 
Depth: 100.0 
Length: 17.5 
leJJgtlu 

Type of test: 

Drawdowu: 11. 

Material: 
Instal/at/on Method: 

Sealing material: 
lnstallatio11 Method: 

Comtly: Monroe 

Address 

Drilling method: Cable Tool 
Pump selllllg depth: 

Muter/a/: 
Material: 

Test rate: gpm for hrs. 

Static water le1•el: ft. 

Sectlo11: NE of the NEofthc NW of Section 19 

Graul Number: 

Field /ocateti by: CES 

Courthouse loctttiou by: 

Location accepted u1o l'erljlcatlou by: 

StthdMstonname: 

N WofBL: 

C~'rouml elemtiou: 740.0 

UTM Easllug: 537694.0 

FtNofSL: 

Depth to bedrock: 15.0 

Top Bottom Fommtion 

RED CLAY 

Dote completed 

_.'ov24,1965 

Telephone 

Pump type: 
Water quality: 

Diameter: 6.0 
Diameter: Slot she: 

BaiiTest rate: 5,0 gpm tbr Ins. 

Baller DrawdOII'II 65.0 n. 

Depth: from to 
Number of bags 1/Sed: 

Depth: from to 

Number of bags 11sed: 

Towmhip: 8N Rauge: I W 

on:Ju!Ol, 1966 

011.' 

011.' 

Lot mtmber: 

Topo map: Clear Creek 

Ft E ofWL: 2600.0 FtS o[NL: !00.0 

Bedrock e/emtlou: 725.0 Aquifer elemtitm: 

UTM Northlug: 4330161.0 

0.0 

16.0 

30.0 

95.0 

16.0 

30.0 

95.0 

100.0 

WHITE SOFT LHvtESTONE 

MC725 

WHITE l\-tEDJUI\1 liARD Lll\·fESTONE 

BLUE Lll\-lESTONE liARD 
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Record of Water Well 

Indiana Dcpa1·tmcnt of Natural Resources 

Refereuce Number 

222742 

Owner-Contractor Nome 
Owner 
Driller 
Opemtor 

Comtruction Details 

Drb•/ug directions to well 

Well Use: HOME 
Depth: 140.0 

Casing Lettgtlu 25.0 
Screen Lengll.: 

Well Ct1pacity Test Type of test: 

I Vel/ Abmulonmem 

Admiulstratil·e 

Drml'(/owu: n. 

Material: 
Tmtallatlon Method: 

Sealing material: 

lustafla#ou Method: 

County: Monroe 

Address 

Drilling melhoJ: Cable Tool 

Pump setting depth: 

Material: 
Material: 

Telephone 

Pmnp type: 

Water quality: 

Dute completed 

Mar 28, 1962 

Diameter: 6.0 
Diameter: Slot size: 

Test rate: gpm for hrs. 

Static water le1•el: 90.0 ft. 

RaliTes/ rate: 12.0 gpm lbr Ius. 

Bailer Drawdowu 40.0 n. 

Depth: from to 

N11mber of bags used: 

Depth: from to 

Number of bags used: 

Township: 8N Range: 2W 

Section: NE of the SEofthe NE of Section 24 

Grant Nmuber: 

Topo map: Clear Creek 

Well Log 

Comments 

Hefti located by: JRD 

Courthouse location by: 

omJul27, 1978 

011.' 

Locatlou accepted w/o •·erijicatlon by: 011: 

Subdil•isionuame: 

Ft WofEL: 100.0 

Gronml e{el'llliou: 785.0 

UTM Easting: 536848.0 

Top 

0.0 

25.0 

127.0 

132.0 

Bottom 

25.0 

127.0 

132.0 

140.0 

FtNofSL: 

Deptll to bedrock: 25.0 

Formation 

YELLOW DIRT 

GREY LlMESTONE 

lot 1111111ber: 

Ft E of IJ'L: Ft S of.NL: 1350.0 

Bedrock elel'atiom 760.0 Aquifer elemtlom 

UTM No1·thing: 4329779.0 

DUFF COLOR LlMESTONE 

GREY LH...!ESTONE 

lvtC 60; OWNER VERIFIED/ JUST WEST OF HOUSE; COULDN'T LOCATE, NEE SPECIFIC DISTANCE 
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Appendix N 
Karst Mapping 

Redacted for reasons related to karst.
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